
Proceedings 

of the 

Society 

for 

Experimental Biology and Medicine 


INCLUDING THE FOLLOWING SECTIONS 


Cleveland, O, 
Distsict of COLOLreiA 
Illinois 
Iowa 

Minnesota 
Missouri 
New York 


pAaFic Coast 
Peiring, China 
Rocky Mountain 
Southern 

Southern California 
Southwestern 
Western New York 

Wisconsin 


January- April, 1948 (inclusin'e) 
VOLUME 67 


NEW YORK 



CONTENTS 


SCIENTIFIC PROCEEDINGS, VOLUME 67 

Three hundred forty-ninth issue, January, 1948 I 

Three hundred fiftieth issue, February. 1948 125 

Three hundred fifty-first issue, March. 1948 259 

Three hundred fifty-second issue. April, 1948 ^05 

Authors’ Index (Volume 07) 

Subject Index (Volume 

Press of 

TUOSIAS J. CRirriTUS SONS, ixc. 

Utica, N. y. 



INDEX 

Preliminary articles are indicated by the letter P after the number of the 
article. All others are non-preliminary, i. e., complete. 


ACKEEM.A.XX,’W. anti TAYLOE, A. 


ALEX.\XDEB, E. S. 


ALYOED, E. C., JE. 


AScnxEE, :m., -igs. 

ASKOXAS, B. .A., 421. 

-ATKIXSOX, IV. B., 413. 

AXELEOD, A. E., 41G, 41S. 

BAEE, B. L., LEIDEE, M., and HIATEB, B. L. Possible Eczematous Cross-Hypersensitivity 

Between Parapbcnylencdiamine and Azo- 
Dyes Certified for Use in Foods. Drugs, and 
Cosmetics 489 


Application of a Metabolic Inhibitor to the 

Developing Chick Embryo 449 

In Uiro Observations on the Distensibility of 

the Femoral Venous System 410 

Distribution and Xature of the “Antigen” 
Besponsible for Experimental Meningo- 
cncephalomyelitis in the Guinea Pig 459 


BAKEB, B. F., 470. 

BAKST, H., and EIXZLEB, S. H. Effect of Intravenous Cytochrome C on Ca- 

pacity for Effort 'Without Pain in Angina 
of Effort 531 


B.AEGEB, V. T., STEEX, K., ASKOXAS, B. A., 
and CULLEX, A. M. 

BEXDITT, E. P., 504. 

BEELIXEE, E, W., and KEXXEDY, T. J., JE. 
BIXE, E., JE., 533. 

BOOTHBY. W. yi., LUXDIX, G., and HELM- 
IIOLZ, 11. F., JR. 

BOSSE, M. D., and AXELROD, A. E. 
BEIODY. B. A., and HAXIG, M. 

BRYAXT, J. M. 


BUCCA. M. A., 429. 

BUCIIBIXDER, L., 45G. 

BURCH, G. E. 

CARTER, B. B., and AXELROD, A. E. 

COIIEX, I., WIXOKUR, G., KUHXS, W. J.. 
and FIGGE. F. H. J. 


COLIO, L. G., 539. 

CULLEX, A. JL, 421. 
DUSTIX, E., and MAISOX, G. 

EIGEX, E., 513. 

ESTABLE. C. 


FAVOUR. C. B.. 502. 
FEXTOX, P. F., 551. 
FIGGE, F. H. J., 54S. 
FLEISCUXER. F. G., 
LUrSADA, A. A. 
FOULK.s. ,T.. 545. 
FR.AXK, K., 404. 


EOMAXO, F. ,T., and 


Peptidases in Human Scrum 421 

Renal Tubular Secretion of Potassium in the 
Xormal Dog 542 

A Gaseous Xitrogen Elimination Test to De- 
termine Pulmonary Efficiency 558 

Wound Healing in Eats with Biotin, Pyri- 
doxin, or Riboflavin Deficiencies 418 

Lack of Action of Influenza Virus upon iMucin 

of Human or Swine Origin 485 

Effect of Potassium on the Ventricular De- 
flections of the Electrocardiogram in Hyper- 
tensive Cardiovascular Disease 557 


Environmental Conditions Which Initiate 

Sweating in Resting Man 521 

Circulating Antibodies in Vitamin Deficiency 
States. II. Thiamin and Biotin Deficiencies 41G 
Differences in Sera of Human Subjects with 
Respect to Hcteroagglutinins for Mouse 
Erythrocytes 548 


Respiratory Arrest in Rabbits Exposed to 
Hypoxia After Dibcnamine 435 

Technique for the Biomicroscopic Study of the 
Ovary and the Fallopian Tube 445 


Studies of Fluorncardiographv in Xormal 

; : -35 



Index 


FRAXKLIN, A. L., I^EGA:n^ M„ LEWIS, D., 
STOKSTAD, E. L. E., and JUKES, T. H. 
FEEMONT-SMITH, P., and FAVOUE. G. B. 

FEIEDMAN, I'l., and BIKE, E., JE. 


Utilization of Glutamic Acid in the. Presence 

of High Levels of PtcroTlglutamic Acid 523 

In Vitro Lysis of Leucocytes from Tuberculous 

Humans by Tuberculoprotein 502 

Dclav in the Action of Digitalis Glycoside _ 
(Lanatoside C) “33 


PEITZ, J. C., 552. 

GAMBESCIA, J. M., 437. 

GILAIAK, A., 545. 

GEEEK, E. H. 

GEOSSOWICZ, K., 469. 

IL\KIG, M., 485. 

HAUSMAK, D., 497. 

HAVENS, W. P., JE., GAMBESCIA, J. M., 
and KNOAVLTOK, M. 

HAWTHOENE, B. E., and STOEVICK, C. A. 


Inhibition of Multiplication of Influenza \jrus 
b3' Tannic Acid 


Eesults of Heterophilc Antibody Agglutina- 
tion and Kahn Tests in Patients with ALral 

Hepatitis ’3' 

Effect of Sodium Bicarbonate and Ammonium 
Chloride on Ascorbic Acid Metabolism of 
Adults 


HELiMHOLZ, H. F., JE., 55S. 

HESS, AV. C., KEAMKE, E. H., FEITZ, J. C., 
.and HOAVAED, H. AA'. 

HIBBEET, E. AV., 508. 

HIESCHHOEN, H. N., BUCCA, M. A., .and 
THAYEE, J. D. 

HOAA'AED, H. AV., 552. 

HOAVELL, S. F., and TAUBEE, H. 


A Comparison of the Nutritive ALalue of Egg 
Proteins and Their Amino Acid Content.... oot 

Subtenolin. An Antibiotic from Bacillus suh- 
tilis. Bacteriologic Properties 429 

Subtenolin. An Antibiotic from Bacillus suh- 
tills. Isolation and Chemical Properties.... 432 


HUEST, A’’., 461. 
JACKSON, E. B., 478. 


JUKES, T. H., 523. . „ 

KAMELL, S. A., and ATKINSON, V . B. 


kaekusin, j. S. 


Absence of Prolongation of Pscudopregnancy 
bi' Induction of Dcciduom.ata in the Mouse 415 
A Photometric Adaptation of the Zinc Uranyl 
Acetate Method for Sodium 424 


KELLY, F. J., 518. 

KENNEDY, T. J., 542. 

KLATCH, B. Z., and AVAKEELIA, 


G. 


E. 


Effect of Pneumonectomy and of Lung Ex- 
tract on Experimental Penal Ilypertcnsion 


KNOWLTON, At., 437. 
KOCHOLATY, AA^, 529. 
KEAAIKE, E. H., 552. 
KUHNS, AV. J., 548. 


S. B., and COLIO, L. G. 


LEIDER, M., 489. 


LEAVIS, D., 523. 
LUMSADA, A. A., 535. 
LUNDIN, G., 558. 


ilAISON, G., 
MAYER, E. I. 
TON, D. 


KOCHOLATY, AV., and STAN- 


JfAYER, E. L., 489. _ 

JtUDGE, G. H., FOULKS, J 


., and GILAIAK, A. 


OSBORN, C. M. 


Baciliomjcin: An Antibiotic from Bacillus 
subtilis Active Against Pathogenic Fungi.... 539 


Hyaluronidase Content of Normal .and In- 
flamed Guinea Pig Skin 529 

Renal Excretion of Potassium 545 

Factors Influencing the Growth of Integu- 
mentary Pigment in Fi.shes. Tlie Role of 
Light 440 


(Continued on page 571 ) 



INDEX 

Preliminary articles are indicated by the letter P after the number of the 
article. All others are non-preliminary, /. e., complete. 


BAKER, M. J., 199. 
BARNUJr, C. P., 133. 
BECKMAK, H. 


BEBNKOPF, H. 

BITTKBB, J. J. 

BLOOK, W. E., 137. 

BLTJMGAET, H. L., PBEEDBEEG, A. S., 
and BTJKA, E. 

BOLLMAN, J. L., 231. 

BRABLET, G. P., 206. 

BBABLET, S. E., mGELPINGEE, P. J., 
GEOFF, A. E., and BBABLET, G. P. 

BEOH-KAHN, R. H., .and MIESKT, I. A. 

BEOH-KAHN, E. H., 171. 

BHOOKSBT, J. B. 


BEBECKNEB, A. L., 234. 
BTJKA, E., 190. 
CHETNE, V. B., 


Infectivity of Sporozoites of Plasmodium 


eaihemerium 3H2 Exposed in Vitro to Hen 
and Canary Blood 172 

Experimental Leptospirosis Infection in 
Chickens 148 

Propagation of the Mammary Tumor Milk 
Agent in Tumors from C 57 Black Mice 219 

1 

Treatment of Euthyroid Cardiac Patients by 
Producing Myxedema vAih Eadioaetive 
Iodine 190 

Estimated Hepatic Blood Plow and Hepatic 
Venous Oxygen Content in Cirrhosis of the 
Lirer 206 

Activity of Hexokinase Preparations from Rat 
Muscle 176 

Vesicular Stomatitis and Poot-and-Mouth 
Disease DiScrentiation by Complement- 
Pixjition 254 

Influence of Fluorine in Mottled Teeth on 
Dental Caries ; 149 


COCHRAN, K. W., 169. 
doVALLE, J. E., 144. 

DEEISBACH, E. H., 157. 

DuBOIS, K. P., COCHBAN, K. TV., and THOM- 
SON, S. P. 

DHCA, C. J., WILLIAMS, E. D., and SCHDI, 
J. V, 


duVIGNEAHD, V., 182. 

ELLIOTT, H. W., 130. 

EMEET, F. E., 178. 

EVERETT, 51. R., 125. 
PALKENHEI5I, M., 137. 

FERGUSON, J. H., and LEWIS, J. H, 


FOSTER, J. V., 125. 
PRBEDBEEG, A. S., 190. 
GEZON, H. M. 


GEZON, H. 51. 


GEZON, H. M. 


Bodenticidal Action of 2-Chloro-4-Dimetltyl 

amino-G-Methylpyrimidine (Castrix) 169 

Chemotherapy of Tuberculosis HI in Vitro 
and in Vivo Activities of Various Com- 
pounds 159 


“Accelerator Globulin” and “Anti-hemo- 
philic Globulin” in Thrombin Formation 
from Aped Plasma and in Hemophilic 
Blood 228 


Antibiotic Studies on Beta Hemolytic Strep- 
tococci: PenioilUn Bcsisf.ance Acquired by 
Group A Organisms 

Antibiotic Studies on Bef.a Hemolytic Strep- 
tococci: Penicillin Ecsistance Acquired br 
Group B Organisms 

Antibiotic Studies on Beta Hemolytic Strep- 
tococci: Penicillin Eesistance Acquired bv 
Group 0 Organisms ] 


208 

21 ^ 

215 


CLICK, D., 133. 



ii 


Index 


GOOD, B. A. 

GEOFF. A. E., 206. 

GYOEGT, P., 198. 

HAIMOYICI, H., .md MEDINETS, H. E. 
HAUSEE, J. E., 234. 

HODGE, H. C., MACLACHLAjS', P. L., BLOOE, 
IV. E., WELCH, E., KOEHBBEG, S. L., and 
FALKENHEIM, M. 
mGELFIN'GEE, F. J., 206. 

INGLE, D. .L, and NEZAMIS, J. E. 


EiEect of Passive Sensitization and Anapliy- 
laetic Shock on Babbit Bone Marrow .'... 203 


Effect of Dibenamine on the Blood Pressure 
in Normotensive and Hypertensive Subjects 163 


Lipids of the Pasting Mouse. PF. Liver Total 
Lipid Content 137 

Early Effects of Denervation upon Eesponse of 
Muscle to Continuous Stimulation 167 


JACKSON, E. E., 199. 

JAIMES, H. P., ELLIOTT, H. W., and PAGE, 
E. W. 

KBLLEE, E. B., WOOD, J. L., and du 
YIGNEAHD, V. 

KOENBEEG, S. L., 137. 

KTJN, E., and JULLEB, C. P. 

KUN, E., 144. 

KUZELL, W. C., and DBEISBACH, E. H. 


LEVY, B. M., 185. 

LEWIS, J. H., 228. 

LILLIE, M. G., 234. 

LIPPMAN, E. W. 

LIPPMAN, E. W. 

MAOHELLA, T. E,, 198. 

MACHT, D. I. 

MACLACHLAN, P. L., 137. 

M.tDDOCK, W. 0., EANKIN, V. M., and YOU- 
MANS, W. B. 

MEDINETS, H. E., 163. 

MELLOES, E. C., and SUGIHBA, K. 


Oxygen Uptake of Human Placental Tissue as 


Affected by Selected Substrates and Drugs 130 
An Investigation of Tr.ansmethylation from 
NlMethylnicotinamide 182 

Effect of Bacterial Endotoxins on Carbo- 
hydrate Metabolism of Babbits 221 

Tests of Possible Antagonism of Gold for 
Histamine Toxicity and Certain Allergic 
Bcactions 157 


Total Serum Protein Concentration and Total 
Weight of Circulating Protein in the Eat.... 196 

Effects of Protein and Fluid Consumption 
upon Plasma Volume and Circulating Pro- 
tein in the Eat 193 

Phytopharmacological Experiments with Ure- 
thane 237 

Prevention of the Anti-Curare Action of 
Epinephrine by Dibenamine 151 

Alkaline Phosphatase Activity and Basophilia 
in Hepatic Cells Follomng Administration 
of Butter Yellow to Bats 242 


MILLEE, C. P., 221. 
MIESKY, 1. A., 171, 176. 


NEZAMIS, J. B., 167. 

OMACHI, A., BAENUM, C. P., and GLICK, 


OWEN, C. A., and BOLLMAN, J- L. 


D., 


Quantitative Distribution of an Esterase 
Among Cytoplasmic Components of Mouse 

Liver Cells 133 

Prothrombin Conversion Factor of Dicumarol 
Plasma 231 


PAGE, E. W., 130. • 

PAPANICOLAOU, G. N. 


BAKE, G. 

EANKIN, V. M., 151. rr 

KE.^GAN, E. L., LILLffi, M. G., HAUSEE, 
,T. E., and BEUECKNEE, A, L. 

EOSE, C. S., MAOHELLA, T. E., 
GYOEGY, P. 

SCHUELEE, F. W., 144. 


and 


Diagnosis of Pregnancy by Cytologic Criteria 

in C-atheterizod Urine 

Streptomycin ns .an Essential Nutrilitc 


247 

249 


Immunological Studies of Newcastle Virus 234 

Effect of Lipotropic Agents in a Diet Cont.ain- 
ing Pure Amino Acids in Place of Protein.. 19S 



Index 


SCUDI, J. V., 159. 
SHAPIEO, H. 


SHETLAE, M. 

E., 

FOSTER, J. V., 

and 

EVERETT, M. 

E. 



SILBEEBEEG, 

M., 

LEVY, B. M., 

and 


TOUNGEE, F. 

SJOEHDSMA, A., KEN, E., SCHEEIiEE, F. 

W., and doVAEEE, J. E. 

SillTH, H. M., and EMEEY, P. E. 


STAVITSKY, A. B. 

STEAUSS, E., and STTLKIN, S. E. 


STEAUSS, E., 142. 

SEGIEEA, E., 242. 

SELKIK, S. E., and STEAESS, E. 


STJEKIN', S. E., 139. 

THOMAS, E. W., 240. 

THOMSON, J. P., 169. 

WAISBEEN, B. A. 

WAX, J., 240. 

WEILANI), H. L, BEOH-KAHN, E. H., and 
MIESKT, I. A. 

WELCH, E., 137. 

WHITE, H. .T., BAKES, M. J„ and .TACKSOX, 
E. E. 

WILLIAliIS, B. D., 159. 

WIXBEE, C. T., THOMAS, R. W., and WAX, .T. 

WOOD, .T. L., 182. 

YOHMAXS, W. B., 151. 

YOUNGER, F., 185. 

ZIA, S. H. 

ZWILLIN6, E. 


Do Cliromosomes Manifest Osmotic Volume 


Change? 180 

Determination of Serum Polysaccharides by 

the Tryptophane Reaction 125 

Skeletal Changes in Growing Vitamin B Com- 
plex Depleted Eats and the Course of Repair 185 
Effect of Digitoxin on Creatinine and Hista- 
mine Output of the Isolated Heart 144 

Anemia in Eats Infested with Sarionella 
mtiris and Injected with Pterovlglntamic 

Acid 178 

Passive Cellular Transfer of the Tuberculin 

Type of Hypersensitivity 225 

Studies on Q Fever: Complement-Fixing Anti- 
bodies in Meat Packers at Fort Worth, 
Texas 139 


Studies on Q Fever: Persistence of Comple- 
ment-Fixing Antibodies After Naturally 


Acquired Infection 142 

Alloxan Diabetes in Mice 154 

Lack of a Hypoglycemic Response to Intra- 
thecal Injection of Glucose 171 

Therapeutic Effectiveness of Single and 
Divided Doses of Penicillin in a Strepto- 
coccal Infection in Mice 199 

An Easily Assembled Pulse-Frequency Re- 
corder ! 240 

Toxicity of Equine Serum Treated by Alkali.. 189 

Insulin Hypoglycemia in Chick Embryos 192 




Proceedings 

of the 

Society 

for 

Experimental Biology and Medicine 

VoL. 67 January, 1948 No. 1 


SECTION MEETINGS 

ILLINOIS 

University of Chicago December 9, 1947 

MINNESOTA 

University of Minnesota December 10, 1947 

NEW YORK 

New York Academy of Medicine December 10, 1947 

PACIFIC COAST 

University of California December 10, 1947 

SOUTHWESTERN 

Universitj^ of Oklahoma November 15, 1947 

WISCONSIN 

University of Wisconsin November 13, 1947 • 


16185 

Cultivation of Toxoplasma in the Developing Chick Embryo.^ 

John 0. MacFarlane and Isaac Ruchman, (Introduced by Albert B. Sabin.) 
From ilie Department of Bacteriology, University of Cincinnati, College of Medicine. 


Reports of the cultivation of toxoplasma in 
the developing chick embryo have appeared 
in the literature but these accounts are brief 
and give little experimental data. Levaditi, 
c/ o/.,' and Wolfe, Cowen, and Paige- stated 
that inoculated fertile eggs hatched but that 
the chicks died within several da3'S and their 
tissues were parasitized. Weinman® found 

* This stuflv w.ns supported hy a grant-in-aid 
Irom the United States Public Health Service. 

1 Levaditi, C., Sanchis-Bayarri, V., Lepine, P., 
and Schocn, R., Ann. dc I’Inst. Pasteur, 1929, 
•Ul, 073. 

2 Wolfe, A., Cowen, D., and Paige, B. II., .7. Exp. 
-Hfd., 1940, 71, 1S7. 

3 Weinman. D., Puerto Pico J. Pul>. Jlcalth and 
Trap. Med., 1944, 20, 125. 


that numerous small white nodules developed 
on the chorio-allantoic membrane after chorio- 
allantoic or yolk sac inoculation. In the above 
investigations recentl}' isolated strains of tox- 
oplasma were used for egg inoculation; deaths 
appeared to have been infrequent for they 
were not mentioned specifically. The data to 
be presented demonstrate that a strain of 
human origin, well adapted to mice, not only 
readily infected eggs but also produced such 
uniform embryo deaths as to make the em- 
brv'onated egg a satisfactory titration medium. 

The “R.H.” strain of toxoplasma isolated 
b}' Sabin^ from a fatal human case of en- 
cephalitis was used in these studies. It was 


■iS.ubin, A. B., J. A. JL A., 1941, IIC, SOI. 
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Toxoplasma in the Chick Embryo 


maintained in this laboratory by continuous 
intracerebral passages in mice and the 304th 
to 344th passage material was used for in- 
itiating the cultures in embryonated eggs. 
Fertile hen’s eggs from pullorum-tested flocks 
were inoculated into the yolk sac. Incubation 
of the eggs both before and after inoculation 
was at 37°C. LD50 titers in mice and chick 
embryos were calculated according to the 
method of Reed and Muench.® 

Injection of toxoplasma-infected, mouse 
brain suspensions into the yolk sac of em- 
bryonated eggs on at least 6 different oc- 
casions led to multiplication of the parasites 
mth resulting death of the embryo in 4 to 10 
days after inoculation. Examination of the 
dead embryos revealed the presence of nu- 
merous yellow-white plaques, 0.5 to 3 mm in 
diameter, on the chorio-allantoic and amni- 
otic membranes (Fig. 1). The areas surround- 
ing the lesions were thickened and histologi- 
cally represented regions of dense cellular 
infiltration containing numerous to.xoplasma 
(Fig. 2). Smears of the chorio-allantoic mem- 
brane and the yolk sac stained with Wright’s 
stain revealed numerous to.xoplasma both free 
and intracellular. 

Three series of egg passages were studied in 
order to seek evidence of adaptation or change. 



. Fia. 1. 

Toxoplasm-a in tlie developing chick embryo. 

Eggs IS dars old. . 

Left Infected chorio-allantoic nieinbranc. 
Eight. Normal chorio-allanto ic membrane. 

GEced, L. J., and Muench,~H., Am. J. Hw-. 
193S, 27, 493. 


One series was carried through 27 consecutive 
passages in 10- or 11-day-old fertile ^ 
(Table I). A second series was carried 
through 5 passages in 9- or 10-day incubated 
eggs, and three egg passages were done in 
which 6- or 7-day incubated eggs were util- 
ized. No evidence was obtained that contin- 
uous or multiple egg passages altered the 
length of time between inoculation and death 
of the embryo. Most of the deaths occurred 
between the 5th and 6th days. Titrations 
performed in mice showed that LD30 titers 
for the various egg passages were about the 
same. Titrations of the various egg tissues 
revealed that while the chorio-allantoic mem- 
branes contained the greatest number of 
parasites the yolk sacs had only slightly less. 
Organisms were present in small number in 
the embryonic fluids (LDno titers of Id''-*’, 
to ICr®-®) and the viscera of embryos (stained 
smears). Membranes harvested either from 
dead or living chick embryos at the time of 
the maximum number of embryo deaths pos- 
sessed high titers (LD50 titers of to 
lO-G.O) while the membranes of living eggs 
harvested two days before this maximum time 
gave lower titers (lO"^-®). 

Although toxoplasma multiplied well in 
fertile hen’s eggs between 6 and 11 days of 
age deaths in the younger embryos were 
spread over a larger number of daj^s, f.e., 
4 to 8 days. 

Several comparative titrations were per- 
formed in mice and chick embryos and the 
results are listed in Table II. In 3 6f the 
tests higher LDco titers were obtained in 
chick embryos. In these cases the amount in- 
jected into eggs was proportionately larger. 
However when similar inocula were used; i.e., 
0.5 ml per egg via th.e yolk sac and 0.5 ml per 
mouse intraperitoneally, the LDco titers,, were 
identical. When the actual number of LD50 
doses per gram of tissue were calculated the 
values obtained in three of the tests were 
slightly higher in mice than in chick embryos. 

Other studies revealed that storage of in- 
fected membranes at 4°C yielded viable or- 
ganisms for periods up to one month. At- 
tempts to cultivate toxoplasma in the pooled 
embryonic fluids from 17-day fertile eggs were 



Fig. 2. 

Toxoplasma in the developing chick embryo. Eggs IS days old. H. & E. XlCO. 
Upper. Kormal chorio-allantoic membrane. 

Lower. Infected chorio-allantoic membrane. 


TABLE I. 

Toxoplasma Passages in Eggs Inoculated via the Yolk Sac. 

0,5 ml per egg in 10- and 11-day-old cmbryonatcd licn^s eggs. 

Intracerebral LD50 titers in mice 


Cliorio- 


Egg 

passage 

Tissue suspension 
employed 

Bay of death 

Yolk sac 

allantoic 

membrane 

Membrane 

pool* 

1 

10^ mouse brain 

5,5,G,6,G,G.7,7,7,7 

10-3.G 

KH-O 


4 

5% Y.S.-C..V.* 

G,6,G,6,G 



lO-t.c 

7 

10% ” ” 

OjGjGjG 



10-3.0 

10 

> > f f yf 

4,5,G,G,G,G,6,C,G 



10-3.0 

12 

ft ff yf 




lO-i.s 

lot 

ft ft ft 

G.C,6,10 



10-4 .0 

20 

ft ft ft 

5,o,o.iJ,G,G,6.G 



10-3.0 

27 

ft ft ft 

0,G,GyG,G 

10-3.0 

lO-^-r. 



* Pool of yolk sac and chorio-allantoic membrane, 

1 Inoculated with membranes wliich had been stored 5 days at 4°C. 


unsuccessful. ^lore than 13 passages through tion of infected embryonal tissues caused 
eggs did not result in any obvious modifica- disease in mice, rats, chicks, rabbits, and a 
tion of pathogenicity for animals. Inocula- rhesus monkey. Preliminary results indicated 
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Differences Between Esterases 


TABLE n. 

Comparative Titrations of Toxoplasma Infected Tissues in Jlice and Developing Chick Embryos. 
10-day chick embryos inoculated via the yolk sac. Iliee inoculated intracerebrally. 


Passage 


Inoculation 


LD-,0 titer 

LD-,(| doses per g 
of indicated tissue, 
X 1000 

f 

Tissue 

Amt, ml 

Titration in : 

335 

Mouse brain 

.5 

Embryos 

10-5.0-1- 

2004- 



.03 

Mice 

lO-t.5 

1,000 

336 

9 ) 

.5 

Embrvos 

10-5.0 

200 



.03 

Mice 

lO-t.o 

330 

344 

9 } 99 

.5 

Embryos 

10-*.5 

G4 



.5* 

Mice 

lO-i.5 

G4 

15 

Y.S.-C.A. 

.5 

Embryos 

10-4.0 

20 



.03 

Mice 

10-3.0 

33 


* Mice in this case injected intraperitoneally. 


that neutralization tests could be performed 
in the chick embrj'O. 

The embrjmnated hen’s egg may be an 
adjunct for the primary isolation of to.vo- 
plasma and although inoculation of eggs with 
the laboratory-adapted strain gave uniformly 
good results the probability is that for the 
initial recovery of strains the mouse is still 
the animal of choice. 

Summary. A laboratory-adapted strain of 


toxoplasma was successfully propagated in 
the embryonated hen’s egg. Uniform mortal- 
ity was obtained and the majority of deaths 
occurred between 5 and 6 daj’s after inocula- 
tion. The concentration of organisms in the 
chick embryo gave LDjo titers of ICH-'’ to 
jO-5-0 which approximated that usually at- 
tained in mice. Repeated passage through eggs 
resulted in no modification of pathogenicity for 
animals. 


16186 P 

Histochemical Differentiation Between Esterases.*' 
George Gomori. 

From the Department of Medicine, The Vniversity of Chicago. 


Strikingly different properties of esterases 
(lipases) obtained from various species*’" 
have been reported by a number of workers. 
The differences include substrate specificity,® 
stereochemical specificit}',* behavior towards 
activators and inhibitors, and pH optima.” 


* This work has been done under a gr.ant from 
the Douglas Smith Foundation for Medical Re- 
search of the Dniversity of Chicago. 

lEona, P., and Bach, E., Bioch. Z.. IPcO, II. 


IGG. 

2 Gvotoku, K., Bioch. Z., 1028, 1939. 

3 F'alk, K. G., Noyes, H. M., and Sug.ura, Iv., 
/. Rfol. Chem., 1924, 30, 1S3 

■i Eona, P., and Ammon, E., Bioch. 7... - - , 

181. 49. 


Owing to multiple overlapping of differences 
and similarities between enzymes obtained 
from various sources, it is still undecided 
whether the various effects are due to the 
e.xistence of several well defined individual 
enzymes or to the presence of unidentified 
accompanying substances. 

With a histochemical method for the visual- 
ization of sites of lipase activity, similar 
differences between the esterases of various 
organs were found. 

Experimental. Organs of 8 freshly killed 
white mice (5 males and 3 females) were 
fi.xed in chilled acetone, dehydrated, embedded 

SDavidsolm, H., Bioch. 7... 1913, 40, 249. 



Differexces Between Esterases 
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and stained according to - the technique pre- 
viously published;®'" In addition to the orig- 
inal substrates, a new one, G-9096-CJ (Atlas 
Powder Co., Wilmington, Del.), a stearic 
ester of modified mannitan, was used. This 
new substrate seems to be hydrolyzed more 
rapidly than the related Tweens, but the 
localization and the relative intensiW of the 
reaction in various organs is the same with 
all substrates. Pieces of practically all organs 
(liver, kidney, spleen, lung, heart, stomach, 
intestine, pancreas, salivary glands, testis, 
uterus, ovary, urinar}' bladder, etc.) were 
included in a single paraffin block, and serial 
sections rvere incubated with the substrate 
to which the substances to be tested w'ere 
added. 

The following substances were selected for 
their known effects on esterases; cholate,®'® 
quinine,^®-’® arsanilate,bi®'i'’i® eserine,^-** pi- 
locarpine,'* urethane,^® caprjdate,^® n-butyral- 
dehyde,’" acetophenone,^' he-xylresorcinoP® 
and NaCl.« 

Results. Since a strict quantitative evalua- 
tion of histochemical reactions of this tjqje is 
impossible, increase or decrease in the in- 

SGomori, G., Proc. Soc. Exp. Biou. .^.xd Med., 
1945, 58, 302. 

r Goinori, G., Arch. Path., 1940, 41, 121. 

S Willstiitter, E., and Mcmmen, F., Z. physiol. 
Chem., 1924, 133, 229. 

9 Willstiitter, E., and Meuiinen. F., Z. jihysiol. 
Chem., 1924, 133, 247. 

roEona, P., and Pavlovic, B., Bioch. Z., 1922, 
130, 225. 

HEona, P., and Pavlovic, B., Bioch. Z., 1923, 
134, lOS. 

12 Bona, P., and Xakata, M., Bioch. Z., 1923, 
134, 118. 

13 Eona, P., and Haas, H. E., Bioch. Z., 1923, 
141, 222. 

n Mendel, B., and Endnev, H., Bioch. J., 1943, 
37, 59. 

13 Eona, P., and Lasnitzki, A., Bioch. Z., 1925, 
1C3, 197. 

IG Weber, H. II. E., and King, C. G. J., J. Biol. 
Chem., 1935, 108, 131. 

!• Weinstein, S. S., and Wynne, A. M., J, Biol. 
Chem., 1935-3C, 112, 049. 

IS Click, D., and King, C. G., J. Biol. Chem., 
1932, 97, 075. 

19 Click, B., Xalurc, 1941, 148, 002. 
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Biological Action of Procaine Penicillin 


tensity of the reaction will be indicated only 
plus and minus signs, -with the arbitrary 
degrees 1, 2 and 3. (Table I). The pattern 
of response was markedly uniform in all ani- 
mals, -wdth the exception of the lung which be- 
haved erratically towards quinine (no inhi- 
bition, one case; slight to moderate inhibition, 

3 cases; complete suppression of the reaction, 

4 cases). 

The bistochemical results are in good agree- 
ment with previous findings on the hi vitro 
behavior of hepatic and pancreatic lipase 
towards quinine and arsanilate and on the 
similarity between the pancreatic and gastric 
enz 3 Tnes, both being activated by bile salts.® 
On the other hand, the effect of several sub- 
stances, markedly active in test tube experi- 
ments, such as urethane, butyraldehyde, 
acetophenone, hexylresorcinol and NaCl, can- 
not be observed under the conditions of the 
bistochemical experiment. An interesting new 


finding is the difference in sensitivity' to 
arsanilate between the enz 3 'me of the inter- 
stitial cells (testis) and that of the spermatic 
elements. Another curious observation was a 
marked diffusion of the reaction arbiind the 
sites of activity in the pancreas and the 
stomach, but nowhere else, when cholate was 
added to the substrate. In some cases such 
large numbers of lead sulfide granules' were 
embedded in the protecting collodion mem- 
brane and on its surface as to make the exact 
localization of the enzyme virtually impos- 
sible. This finding may indicate an increased 
diffusibility of pancreatic and gastric lipase 
in the presence of bile salts. 

Summary. Differences in the behavior of 
esterases (lipases) from various sources 
towards activator and inhibitor substances, 
similar to those found previously in in vitro 
experiments, can be observed also in tissue 
sections stained for lipase. 
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Biological Activity of Crystalline Procaine Penicillin /w vitro and 

In vivo.* 


Gladys L. Hobby, Ellis Brown, and R. A. Patelski. 

From the Research Laboratories of Chas. Pfizer 4- Co., Inc., Brooklyn, N.F. 


In a recent communication Salivar, Hedger, 
and Brown’^ described the preparation and 
chemical properties of crystalline procaine 
penicillin. The present report deals with toe 
biological activity and with the absorption 
and excretion of this form of penicillin and 
of other relatively insoluble salts of penicillin. 

Materials and Methods. Unless otherwise 


■"TJ^^authors msh to express their appreciatioB 
to Mr. C. J. Salivar, Mr. O. Sumner, Mr. W A™- 

to Mr F. H. Hedger for chemical analyses of the 
;i +n 'M’rs W Reed and Mrs. D. 
preparations and to • • ^ manT 

Lmo for assistance in carrying out the ma y 

J. A. C. S., 1948, in press. 


specified, crystalline procaine penicillin G and 
dihydro-F, prepared from crystalline sodium 
penicillins G and dihydro-F, respectively, 
were used throughout this study. The potencies 
of these preparations were determined by 
toe Oxford cup plate method;® the per cent 
G, non-G penicillin by a modification of the 
N-etoyl piperidine method.® Sensitivity deter- 
minations were carried out by a quantitative 
broth dilution technic. The method of Tomp- 
sett, Schultz, and iMcDermott,^ using Strepto- 


2 Schmidt, W. H., Ward, G. E., and Coghill, 
R. D., J. Bad., 1945, 49, 411. ' 

s Federal Begister, April 4, 1947, v. 12(C7) p. 
2222, 141.5 (f). , ’ 

* Tompsett, E., Schultz, S., and McDermott W. 
J. Bad., 1947, 63, 581. 



Biological Action of Procaine Penicillin 


7 


coccus hcmolyticns as the test organism and of 9 tubes were set up containing 0.1, 0.15, 
crystalline sodium penicillin G as standard, 0.2, 0.25 .... O.S ml of broth containing 
was used for determination of the concentra- 400 units of procaine penicillin per ml. In 
tions of penicillin in blood and urine. Mouse a few instances, a concentration of 800 units 
protection tests were carried out using Strepto- _ per ml was essential. For the more sensitive 


coccus hemolyticus and Dtplococcus pneu- 
moniae as the test organisms and the method 
described by Hobby et alP in a recent com- 
munication. 

Activity of Crystalline Procaine Penicillin 
In Vitro. Two preparations of procaine peni- 
cillin G, having potencies of 1066 and 1025 
units per mg, and 2 preparations of procaine 
penicillin dihydro-F, having potencies of 
1010 and 987 units per mg, were used.t Like- 
wise 3 preparations containing mixtures of 
crystalline procaine penicillins G and dihydro- 
F as well as certain naturally occurring peni- 
cillin pigments were used.t These showed 
potencies of 930 u/mg, 975 u/mg, and 950 
u/mg, respectively. The sensitivity of a vari- 
ety of organisms to these penicillins was 
determined as follows: 

Six-hour plain broth cultures of Strepto- 
coccus hemolyticus (strain C230Mv), D. 
pneumoniae (strain 1/230), Staphylococcus 
aureus (strain H), Be. subtilis, Streptococcus 
viridans, E. coli, and A. aerogenes were used 
throughout. Cultures were diluted with broth 
to a constant density immediately prior to 
use. A density equivalent to a MacFarland 
BaSO* No. 1 standard and allowing 78% 
transmission on a Photovolt Lumetron No. 
400 was arbitrarily chosen as standard. For 
each gram negative organism tested a series 

s Hobby, G. L., Burkhart, B., and Hyman, B., 
Proc. Soc. Exp. Biol, and Med., 1946, 63, 29G. 

t The theoretical potencies of crystalline pro- 
Kline penicillins G and dihydro-F are calculated 
to be 1041 and 9SG units per mg respectively, 
based on crystalline sodium penicillins G and 
dihydro-F at 1667 and 1600 units per mg, respec- 
tively. Each mg of crystalline procaine penicillins 
G and dihydro-F contains 0.42 and 0.43 mg pro- 
caine base, respectively. 

} On crystallization of procaine penicillins G and 
dihydro-F from impure penicillin containing ap- 
proximately 70 to 8093 G and 20 to 30% dihydro- 
F, certain of the naturally occurring impurities 
are precipitated with the penicillins. Nevertheless 
the penicillins appear to bo in the crystalline form. 


gram positive organisms, concentrations of 
0.1 unit per ml were used. The total volume 
of each tube was adjusted to 0.5 ml with 
sterile broth and 0.5 ml of a ICH* dilution of 
the standardized culture was then added to 
.each. The final concentration of organisms 
was', therefore, about 150,000 per ml. Incuba- 
tion was carried out at 37 °C for a period of 
24 hours. The sensitivity of an organism was 
accepted as the least amount of penicillin 
causing complete inhibition of' growth, as 
evidenced by absence of gross turbidity, after 
24 hours incubation. ■ - 

Crystalline sodium penicillins X, G, dihy- 
dro-F, and wefe' tested simultaneously for 
their activity against the ' same group of 
organisms. 

As shown in Table I, crystalline procaine 
penicillins G and dihydro-F are highly ef- 
fective antibacterial agents in vitro. The 
activity of crj^stalline procaine penicillin G 
at times may differ quantitatively, hmvever, 
from that of the crystalline sodium salt of 
penicillin G. Under the experimental condi- 
tions used in this study, all organisms tested 
w-ere slightly more sensitive to crystalline 
sodium penicillin G than to crystalline pro- 
caine penicillin G. No differences were ob- 
served in the sensitivities of these organisms 
to the sodium salt of penicillin dihj'-dro-F as 

J Tlie crystalline sodium salts of penicillin used 
were identical with the preparations used by one 
of the present investigators (G.L.H.) in a previous 
study and have been described in detail elsewhere.c 
The preparation of crystalline penicillin G had a 
potency of 1634 units per mg by the bioassay 
method and a Sc. suhtUiSj StaphyJococcus aureus 
differential ratio of 1.0. The polariscopic assay of 
this preparation was 1635 units per mg. Hltra- 
violet absorption indicates 100% G. The crystal- 
line penicillin H used showed a potency of 2182 
units per mg and a differenGal ratio of 0.36; the 
crystalline penicillin X, a potency of 1069 units 
per mg, and a dilferential ratio of 1.39; the puri- 
fied peniciUin dihydro-F, a potency of 1675 unita 
per mg and a differential ratio of 0.57, 



8 


Biological Action of Pkocaine Penicillin 


TABLE 1. 

CompaTative Actmty of Crystallmc Procaine and Sodium Penici Uins in Titro. 

Sensitivity in units per nil 


Procaine penicillins Sodium penicillms 


Org.anism 

G ■ 

Dihydro-P Mixed* 

G 

Diliydro-F 

X 

K 

D. pneumoniae (1/230) 

0.085 

0.042 

0.033 

0.030 

0.040 

0.005 

0.022 

Strep, hcmolyticus (C203Mv) 

0.022 

0.020 

0.015 

0.015 

0.025 

0.004 

0.012 

Strep, viridans 

0.220 

0.200 

0.150 

0.100 

0.200 

0.075 

0.100 

Staph, aureus (H) 

0.100 

0.050 

0.047 

0.050 

0.050 

0.060 

0.040 

Be. siihtilis 

0.025 

0.035 

0.018 

<0.005 

0.035 

0.005 

0.025 

A. aerogcne.% 

110.000 

120.000 

53.000 

40.000 

160.000 

80.000 

>200.000 

E. coli 

160.000 

160.000 

87.000 

60.000 

200.000 

40.000 

>200.000 


* Crystalline procaine penicillins G and diliydro-E mixed, with accompanying naturally- 
occurring impurities. 


compared to its procaine salt. Furthermore, 
their sensitivities to crystalline sodium peni- 
cillin G and to mixtures of crystalline pro- 
caine penicillins G and dihydro-F, with 
accompanying impurities, were identical. 

Procaine penicillin may be prepared by the 
interaction of procaine hydrochloride and 
sodium penicillin. Procaine hydrochloride in 
low concentration has in itself no bacterio- 
static action against this group of test or- 
ganisms. It is chemically derived from para- 
aminobenzoic acid, and has been shown by 
Woods and Fildes® and by others,"-!^ to be 
capable of inhibiting the in vitro and in vivo 
bacteriostatic action of sulfadiazine against 
Streptococcus hcnwlyticus and certain other 
orgonisms. The possibility that procaine at 
times may serve as an essential metabolite 
and thus alter the concentration of penicillin 
necessary for inhibition of growth was, there- 
fore, suggested. Procaine hydrochloride, how- 
ever, in concentrations of 0.02, 1.0, and 100 
meg’ per ml failed to alter the sensitivity of 
Streptococcus hcnwlyticus to crystalline sodi- 
um penicillins G or dihydro-F. 

” 0 -Woods, T>. B., Brit. /. Exp. Path., 1940, 21, 74. 
7 Woods, D. D., .ond Pildcs, P., Chem. and Indvs- 

irp, 1940, -50, 133. , „ n t r 

SBoroff, D. A., Cooper, A., and 
jr.. Prog. Soc. Esp. Biol, akp -Med., 1941, 4. 18 
ocasten, D., Pried, J. J., and Ilallm.an, P. A., 
Siirp. Gynecol. OVslct., 1943, 

10 Kcltch, A. K., B.akcr, L. A., Braid, M. E and 
Clowes, G. n. A., PROG. Sog. Exp. Biol. .\xd Med., 

Lcgge, J. IV., and Duric, E. B., Med. J. Aus- 
tralia, 1943, 29, 3G1- 


Activity of Crystalline Procaine Penicillin 
In Vivo. Preparations of crystalline procaine 
penicillins G and dihydro-F in oil, diluted to 
contain 1,000 units of penicillin per ml, were 
used throughout this study. In a feiv instances 
preparations containing mixtures of crj'Stal- 
line procaine penicillins G and dihydro-F, 
with certain of the accompanying impurities 
of partially purified penicillin, were used. 
Crystalline potassium penicillin G in oil and 
beeswax was also tested for comparison. 

Fifteen-hour blood broth cultures of a high- 
ly virulent strain of Group A hemolytic strep- 
tococcus (strain C203Mv) and of pneumo- 
coccus type I (Strain 1/230) were used 
throughout, hlice were infected by the intra- 
peritoneal route with one cc of ICH, 10“®, 
10‘®, and lO"' dilutions of culture. Treatment 
was carried out by the subcutaneous route, 
a single injection of penicillin being admin- 
istered 2 hours after infection. All e.xperiments 
were controlled with a series of untreated 
animals. In all instances the penicillins used 
were administered in sesame or peanut oil, 
a concentration of 1,000 units of penicillin 
per ml being used. 

As shown in Table II, procaine penicillin 
is an effective chemotherapeutic agent against 
hemolj^tic streptococcal and pneumococcal 
infections. Three hundred units of procaine 
penicillin G, administered in a single injection 
2 hours after infection, is adequate to protect 
approximateh- 70% of anim.ils against 10 to 
10,000 lethal doses of hemolytic streptococci 
or pneumococci. Similar protection against 
hemoli’tic streptococcal infections was ob- 
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served with crystalline procaine penicillin 
dihydro-F. 

The fact that certain impurities are capable 
of enhancing the action of crystalline sodium 
penicillin G has been discussed in previous 
communications.®'^- Preparations containing 
mi.xtures of crystalline procaine penicillins G 
and dihydro-F with certain of the naturally^ 
occurring penicillin mold pigments or other 
impurities have shown a similar enhanced 
action. Whereas 300 units of crystalline pro- 
caine penicillin G were capable of protecting 
70% of animals against infection due to 
Streptococcus hcvtolyticus, this amount of 
the mixed procaine penicillins G and dihydro- 
F, with accompanying impurities, was capable 

1- Uoliby, G. L., T. F.. and Hyman, B.. 

.7. r,aet.. 1047, 54, .tO.";. 


of protecting 90% of animals. One hundred 
and fifty units of these preparations of mixed 
crystalline penicillins were almost as effective 
as 300 units of crystalline procaine penicillin 
G or dihy'dro-F. The enhanced action of these 
mixed penicillins was not apparent in the small 
series of animals tested with pneumococcus. 

Absorption and Excretion of Crystalline 
Procaine Penicillin. Crystalline procaine peni- 
cillins G and dihydro-F were prepared in a 
concentration of 300,000 units per ml peanut 
or sesame oil. Similar preparations of mixtures 
of crystalline procaine penicillins G and di- 
hydro-F and accompanying impurities were 
also used. All e.xperiments were carried out in 
normal male rabbits, weighing appro.ximately 
3 kg. In all instances 30,000 units per kg 
body weight were administered by the intra- 
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CONCENTRATIONS OF PENICILLIN IN SERUM OF RABBITS 
FOLLOWING A SINGLE INTRAVENOUS INJECTION OF* 
CRYSTALLINE PROCAINE PENICILLIN IN OIL 

DOSAGE- 30,000 UNITS PER KG. BODY WT. 


• CRYSTALLINE PROCAINE PENICILLIN G 
a CRYSTALLINE PROCAINE PENICILLIN Dl HYDRO- F 
A MIXED CRYSTALLINE PROCAINE PENICILLINS G 
AND OIHYDRO-F WITH PIGMENTS 
O CRYSTALLINE SOLUBLE SALTS OF PENICILLIN G 
(N%, NH4,K, Li ) -4- PROCAINE HCL. 



muscular route. Animals were bled immediate- 
ly prior to and at varying intervals after 
injection. The concentration of penicillin in 
the blood was determined by the method of 
Tompsett, Schultz, and McDermott,^ using 
undiluted serum as well as serum diluted 
1:4 and 1:20. Streptococcus hcmolyttcus was 
used throughout as the test organism and 
crystalline sodium penicillin G as standard.ll 
The minimum level detectable by this method 
varied from 0.02 to 0.04 units per ml. No at- 
tempt was made to determine the urinary ex- 
cretion of penicillin from the rabbits injected. 

As indicated in Fig. 1 and 2, a single 


intramuscular injection of 30,000 units of 
crystalline procaine penicillin G in oil per 
kg of bod}"^ weight produces in the majority of 
e.xperimental rabbits detectable blood levels 
for periods of 24 to 30 hours. Blood levels 
ranging from 0.03 to 1.5 units per ml were ob- 

II In a few instances crystalline procaine peni- 
cillin G as well as sodium penicillin G was used as 
standard. The levels on this basis wore at times 
slightly higher dno to the fact that the sensitivity 
of the test organism (Streptococcus hcmohjticus) 
to crystalline procaine penicillin G may bo less 
th.an its sensitivity to crystalline sodium peni- 
cillin G. 
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ABSORPTION AND EXCRETION OF PENICILLIN IN MAN 
CRYSTALLINE PROCAINE PENICILLIN IN OIL . 

dosage ' 300.000 UNITS BY INTRAMUSCULAR ROUTE 
Cra-URINE •—•SERUM 



served in 80^0 of animals tested at 18 hours 
after injection. Sixty-seven per cent showed 
levels within this range at 24 hours, 50% 
at 30 hours, 33% at 42 hours, and 25% 
at 48 hours. Comparable results were obtained 
with crystalline sodium (potassium, ammon- 
ium, or lithium) penicillin G when mixed 
with procaine hydrochloride in oil in an 
amount equivalent to that present in crystal- 
line procaine penicillin G. Likewise similar 
results were observed isath other local anes- 
thetics such as procaine buterate and procaine 
borate. Prolonged but lower levels resulted 
from the administration of crystalline pro- 
caine penicillin dihydro-F in oil, in the same 
dosage. The use of aqueous rather than oil 
suspensions of procaine penicillin gave less 
prolonged penicillin blood levels. 

Comparative studies of crystalline potas- 
sium penicillin in oil and beeswax, using the 
same dosage and experimental conditions as 
those used for procaine penicillin, resulted 
in detectable blood levels lasting from 18 to 
24 hours only. 

Preliminary Observations on the Absorp- 


tion and Excretion of Crystalline Procaine 
Penicillin in Man. Preliminary observations 
in man indicate that a single injection of 
300,000 units of procaine penicillin G in oil 
will result in detectable concentrations of 
penicillin in the blood for periods of 24 to 48 
hours, while high concentrations of penicillin 
may exist in the urine for at least 48 hours 
(Fig. 3).** 

Toxicity of Crystalline Procaine Penicillin. 
Determination of the toxicity of crystalline 
procaine penicillins G and dihydro-F in ani- 
mals is limited by the solubility of the com- 
pound. Solutions containing 6,000 units per 
ml have produced no toxic reaction when ad- 
ministered by the intravenous route to white 
mice in dosages of 1,400 units per 20 g mouse. 
Furthermore, rabbits receiving 4,000 units 

•• Since this paper ivas submitted for publica- 
tion, a report has appeared by Herrell and his 
associates (Herrell, tV. E., ct al., Proc. Staff Meet. 
Mayo CUnio, 1947, 22, 5G7), vrho hare adminis- 
tered procaine penicillin in oil to man in dosages 
of 300,000 units, and have observed prolonged 
blood levels similar to those reported herein. 



.12 


Biological Action of Procaine Penicillin 


CONCENTRATIONS OF PENICILLIN IN SERUM OF RABBITS 
FOLLOWING A SINGLE INTRAVENOUS INJECTION OF 
INSOLUBLE INORGANIC a ORGANIC SALTS OF PENICILLIN 


IMOWBMItC «<U.TS 

IDOSAGE'100,000 UNITS PER KG. BODY WT. 
o- ALUMINUM PENICILLIN 
DOSAGE <30,000 UNITS PER Ka BODY WT. 
•-6ERYLLUIM PENICILLIN 
A-LANTHANUM PENICILLIN 


ORGANIC SALTS 

DOSAGE <30,000 UNITS PER KG. BODY WT. 
■ -BENZOYL- T-(Z-METHYL PIPERIDINO)- 
PROPANOL PENICILLIN 
D-DECYL AMINE PENICILLIN 
O-3-AMIN0, 4-ETHOXYMETHYL, 
e-METHYLPYRIDONE-E PENICILLIN 
A-PHENACAINE PENICILLIN 
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intravenously per kg bod}’’ weight have shown 
no toxicity. Suspensions containing 40,000 
units per ml have caused no reactions in 
dosages of 40,000 units per 20 g mouse when 
administered by the subcutaneous route. 

It is recognized that the acute mouse tox- 
icity of the soluble salts of penicillins is a 
direct measure of the concentrations of 
cation present. In like manner, the minimum 
lethal dose (LDo) of crystalline procaine peni- 
cillin G (1400 units = 1.35 mg procaine 
penicillin = 0.56 mg procaine base) is in 
close agreement nith that of procaine h 3 'dro- 

chloride (LDo = 0.60 mg).^ _ 

Preliminary observations in man indicate 
that procaine penicillin in oil is nonirritating 
on injection and produces no local pain or 


soreness. It seems probable that crystalline 
procaine penicillin in oil possesses no greater 
toxicity than its component parts. 

Preliminary Observations on Other Water- 
Insoluble Salts of Penicillin. Crystalline pro- 
caine penicillins G and dihydro-F are water- 
insoluble salts of penicillin. Their maximum 
solubilities have been found to be 6,700 units 
(6.5 mg) and 15,000 units (15.2 mg) per 
cc. respectivelj'. In view of the fact that pro- 
caine penicillin in oil prolongs penicillin blood 
levels, it seemed likely that other insoluble 
salts of penicillin might act similarh’. That 
this is true is indicated bv’’ the work of Mon- 
ash*^ who has recentlj' reported detectable 
blood levels in rabbits at 18 and 24 hours 
following the intramuscular injection of silver 
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penicillate, mercury penicillate, and ferric 
penicillate in oil. Furthermore, Bohls and his 
associates’^ have indicated that detectable 
blood levels may be attained for prolonged 
periods after the intramuscular injection of 
aluminum-penicillin in oil. 

In the present investigation a small series 
of other water-insoluble organic and inorganic 
salts of penicillin was tested in experimental 
rabbits, using the procedure previously de- 
scribed. A dosage of 30,000 units per kg body 
weight was used throughout. The results are 
indicated in Fig. 4. Significant levels were 
observed at 18 and 24 hours in all instances. 
Beryllium penicillin, the least soluble of the 
comjX)unds tested, showed the highest and 
most prolonged levels. 

Discussion. Early studies’^’" on the bac- 
teriostatic and bactericidal properties of the 
blood of animals treated with aqueous peni- 
cillin, as well as subsequent studies on the 
absorption and excretion of penicillin in 
man,’®'*® have indicated that penicillin re- 
mains in the blood stream for only 2 to 3 
hours after injection. These observations have 
been amply confirmed by subsequent in- 
vestigators during the past 4 years. 

Although it was originally assumed that 
effective bacteriostatic concentrations of peni- 
cillin should be maintained constantly in the 
circulating blood, as was the case with the 
sulfonamides, it was soon recognized that 2 
injections per day were sufficient for the con-' 
trol of certain e.xperimental infections in 
animals.”'®’ Furthermore, it was demonstrated 
by Tillett®® and more recently by Finland,®® 
and by Tompsett and ^IcDermott®’ that 

lajlonnsh, S., Science, 1047, 100, 370. 

H Bolils, S. tv., ct a1., Texas State J. lOl.l, 
41, 342; J. T'cn. Vis. Inform., 1940, 27, GO. 

15 Cli.iin, 13., ct at.. Lancet, 1940, 2, 220. 

1C Abraliam, E. P., Florey, H. IV., ct at.. Lancet, 
1041, 2, 177. 

1" Hobby, G. L., Meyer, K., and CUaltee, E., 
Pkoc. Soc. Exp. Biou akd Med., 1042, ."0, 277. 

IS B.mimelkamp, C. H., ct at., J. Clin. Invest., 
1943, 22, 42.1. 

IS Kirby, IV. M., ct at., J. Clin. Invest., 1944. 
23, 7S0. 

■-'fl D.iwson, M. 11., and ITobby, G. E., .Inn. Int. 
Jfc(?., 1943, in, 707. 


pneumococcus pneumonia may be treated suc- 
cessfully with penicillin regimens which afford 
detectable levels in the blood during only a 
fraction of each day. 

The preponderance of clinical experience 
with penicillin, however, has been obtained 
with dosage schedules which maintain con- 
tinuous or nearly continuous measurable con- 
centrations of penicillin in the blood through- 
out the period of treatment. For this purpose 
penicillin in oil and beesw'ax has been used to 
advantage.®®'®' It has been amply demon- 
strated that a single injection of 300,000 units 
of penicillin in oil and beesw'ax will maintain 
detectable concentrations of penicillin in the 
blood for 12 to 24 hours; however, the re- 
ported irritation and hypersensitivity reactions 
follow'ing the administration of this form of 
penicillin have indicated the need for other 
methods bj' which prolongation of penicillin 
blood levels can be attained. 

The fact that such prolongation may result 
from the use of water-insoluble salts of peni- 
cillin, suspended in oil, is of interest. Whereas 
the majority of these salts are only slowly 
absorbed, the possible toxicity of many oi 
them limits their use. The toxicity' of procaine 
has been reviewed by Graubard and his asso- 
ciates®® in a recent communication dealing 
with the use of procaine intravenously' in man. 
The toxicity of procaine injected intravenously 
varies with animal species. The minimal lethal 
dose in rabbits, guinea pigs, and dogs is 
reported to be in the vicinity of 40 mg per 
kg body' weight: in man, the toxicity' of 
procaine is thought to be dependent upon the 

21 Dawson, M. H., and Hobby, G. L., J. .1. 21. J., 
1944, 124, on. 

22Tniett, W., ct at.. Lull. X. 3'. .Icait. .Mot., 
1944, 20, 142. 

23 Finland, M., personal communication, 1947. 

2^ Tompsett, R., and McDermott, tV., personal 
communication, 1947. 

23Romansky, M., and Rittman, G. E.. Scifiicc. 
1944, 100, 19G. 

2CRomanBky, M., and Rittman, G. E.. Xcir Ena. 
J. Meet., 1943, 233, 577. 

2T Romansky, M., Murphy, R. .T., and Rittman, 
G. E., J. A. If. A., 1945, 128, 404. 

2S Gmubard, D. J., ct at., X. F. State .7. Med., 
1947, 47, 21S7. 
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Biological Action of Procaine Penicillin 


TABI/E n. 

Chemotterapeutic Action of Crystalline Procaine Penicillin on Hemolytic Streptococcal (Group ■ 
A) and Pneumococcal Infections in Mice. 


Culture 


Procaine penicillin in oil 

Potassium 

penicillin 

G in oil 
and beeswax 

% surrival 

Untreated 

controls 

Total dosage 
in units 

G 

Dihydro -P Mixed 

Therapeutic effect : 

Streptococcits liemolyticus 600 


75.0 




(C230M:v) 

450 


69.4 





300 

70.0 

67.4 

90.0 

83.3 



150 

51.7 

30.0 

63.3 

43.3 



50 

23.4 

20.0 

45.0 

23.4 

8.8 

J). pneumoniae 

500 

95.0 





(1/230) 

400 

80.0 


70.0 




300 

72.5 


77.5 




150 

65.0 


42.5 




50 

30.0 


20.0 




* A minimum of 10 to 15 mice was used for each dilution in each set. One ml of a 10-V dilu- 
tion contained 1-10 lethal doses of hemolytic streptococci or pneumococci; 10-e, 10-100; lO-o, 
100-1,000; 10-*, 1,000-10,000. In all instances mice were injected intraperitoneally with 1 ml 
of 10-*, 10-0, 10-6, and 10-" dilutions of culture. 


percentage concentration administered. 

The administration of penicillin in 1% 
procaine hydrochloride has been used fre- 
quently to eliminate local irritation and sore- 
ness following injection.^® Crystalline pro- 
caine penicillin contains a high concentration 
of procaine (120 mg per 300,000 units). In 
preliminary studies it has produced little or 
no toxicity however. 

That crystalline procaine penicillin is a 
highly efficient antibacterial agent both m 
vitro and in vivo has been demonstrated. 
Furthermore, the fact that this form of peni- 
cillin when suspended in oil will prolong blood 
levels in animals for 24 to 30 hours, or more, 
following the intramuscular injection of 
30,000 units per kg has been shown. Pre- 
liminary observations in man indicate that a 
similar prolongation of blood levels occurs. 

The mechanism by which procaine peni- 
cillin acts is not known. It is probable that 
the action is dependent upon at least^ 3 
factors: (1) the low solubility of procaine 
penicillin in aqueous fluids, (2 ) the protect- 

20 Buckles, P. L., Wl. V. S. Med. Dept, 1947, 
7, 648. 


ive action of the oil surrounding the particles 
of procaine penicillin, and (3) the pharma- 
cological activity of procaine on the tissues 
at the site of injection. 

Conclusions. Crystalline procaine penicillins 
G and dihydro-F are highly effective anti- 
bacterial agents in vitro and in vivo. 

Crystalline procaine penicillins G and di- 
hydro-F, in oil, when injected intramuscularly 
in rabbits in a single dose of 30,000 units 
(0.1 cc) per kg body weight, in most in- 
stances produces blood levels lasting 24 to 
'30 hours or longer. 

Preliminary observations in man indicate 
that a single intramuscular injection of 300,000 
units of crystalline procaine penicillin G in 
oil may produce detectable blood levels last- 
ing from 24 to 48 hours while penicillin may 
be e.xcreted in the urine for at least 48 to 60 
hours. 

Preliminary observations suggest that the 
toxicity of crj'stalline procaine penicillin is 
probably low. 

Other water-insoluble salts of penicillin 
when suspended in oil also produce marked 
prolongation of blood levels. 



15 


16188 

Titration of Small Amounts of Mustard and Other Gases with Bromine 

and Methyl Red.* 

John H. Northrop. 

From the Fochefeller Institute for Medical Research, Princeton, 


The quantitative determination of mustard 
gas and other rvar gases is difficult since very 
minute quantities must be analyzed. The 
method used should also be simple and rapid 
since it is often necessary to analyze a large 
number of samples. Ivlustard gas and the 
arsenic gases are knovm to react rapidly with 
bromine, a reagent which allows e.vtremely 
accurate titration in very dilute solutions. 
The usual starch-iodide indicator is not suf- 
ficiently accurate for titration with ICH molar 
bromine and no satisfactory indicator has 
been reported. 

A number of different oxidizing agents and 
different indicators have been tried but bro- 
mine and methyl red are the most satisfactory 
in 10^ III solution. Hypochlorite solution may 
be used in place of bromine. It is much more 
stable, but reacts with many compounds with 
which bromine does not. 

The method finally developed determines 
mustard gas. Lewisite, and ethyl or phenyl 
dichlorarsine within an error of ±; 0.02 ml 
10^ molar bromine per ml final volume of the 
titrated solution. It should be useful for the 
titration of any compounds which react 
rapidly with bromine in acid solution. 

1. Description oj Samples of Gases Tested. 

Mustard (I) — 1 technical, prepared by 
Levinstein method (Sartori, M., The war 
gases. New York, D. Van Nostrand Co., Inc., 
1940, 223) and redistilled; one C.P. No 
difference noted. 

Ethyldichlorarsine (H) — one C.P. and one 
technical. Technical titrates slightly lower. 

Lewisite (III) — 2 technical samples. 

Phenyldichlorarsine (IV) — one technical 
sample. 

• Tills paper is based on -work done £or the Office 
of ScientiCc Eesearch and Development under 
Contract OEMsr-ieO with the Eockcfellcr Institute 
for Medical Bcsearch. 


2. Preparation of Solntions. Weighed or 
measured amounts of I, HI, and IV were dis- 
solved in alcohol to give a 10*- solution. 
From these, 10^ M solutions were prepared 
by dilution with water. Solutions of III and 
I were also prepared in water alone in the 
same way as those prepared from ICh” M in 
alcohol. 

A 10^ M solution of II was prepared by 
addition of the gas to water, since II is 
partially oxidized in alcohol. 

These aqueous solutions are referred to as 
“solutions of the gases,” although actually 
they are solutions of the hydrolj^is products 
of the gases. 

3. Bromine Solution. Saturated stock solu- 
tion: 50 ml one III hydrochloric acid is 
shaken with 10 ml liquid bromine and the 
solution is kept in a dark glass bottle in the 
presence of excess bromine. This solution is 
0.5 M. The concentration remains constant. 

Standardization of bromine solution for 
titration: MTien the saturated solution is 
diluted to ICH JI there is usually a loss of 
10-30^ in strength due, presumably, to 
traces of reducing substances in the acid or 
water used. It is necessarj', therefore, to 
standardize the dilute bromine. This may be 
done by titration against a solution of ICh* 
M mustard gas or thiodiglycol in water, or 
with potassium iodide and 10-® j\I thiosulfate 
in the usual way. Ten ml dilute bromine in 
one N sulfuric acid is added to one ml 10"- 
M potassium iodide and the liberated iodine 
titrated with ICt^ M thiosulfate, with starch 
as indicator. One ml ItH M thiosulfate is 
equh-alent to 0.5 ml 10^ M bromine. 

An approximately ICH M bromine solution 
was obtained by diluting the saturated bromine 
solution 1/4,000 with the 0.5 M sulfuric acid 
used in this work. This dilute bromine solu- 
tion remains constant within lOfo for 24 
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Titration of Gases with Bromine and Methyl Red 


TABLE I. 

Titration of tiie Various Gases in 0.1 M Sulfuric AciO with Metliyl Bed and 10-» M Bromine. 

Initial volume 1 ml. 


Gas 

Quantity, 
ml 10-4 M 

Ml 10-* M bromine 
Corrected for blank 


— 

0 

0.05 (blank) 


I 

0.1 

0.11 



0.3 

0.30 



1.0 

0.9.5 



3.0 

3.1 


III 

0.1 

0.11 



0.3 

0.31 



1.0 

1.00 



3.0 

2.93 




Aqueous sol. — II 

10-4 M aqueous sol.preparcd 




from 10-2 M ETOH sol. 

II 

0.1 

0.09 

0.035 


0.3 

0.33 

0.10 


1.0 

0.90 

0.40 


3.0 

3.10 

1.10 

IV 

0.3 

0.09 



0.3 

0.31 



1.0 

1.05 



3.0 

2.95 

— 


hours if kept in dark glass-stoppered bottles. 
It loses strength rapidly in strong light or if 
left open. For this reason the burette should 
be refilled shortly before titrating. 

4. Methyl Red Solutiou. Five mg per liter 
in water. 

5. Concentration Range and Accuracy, All 


of the determinations have been carried out 
with samples of 5 ml or less of a 10’^ M 
solution of the gas titrated with 10 M 
bromine, delivered from a 5 ml burette gradu- 
ated to 0.02 ml. Under these conditions (he 
titrations are accurate to about ± 0.02 ml 
of 10-^ M bromine per ml final volume of solu- 
tion, i.e.. if the volume at the end of titration 
is 2 ’ml the end point is sharp to 0.04 mj. 
If the final volume is 10 ml the end point is 
sharp to ± 0.20 ml. If larger quantities of 
sas are to be titrated stronger bromine solu- 
tions should be used. 

Technique of the Deter, ninatwn. A sample 
of one to 5 mi of the solution is put into a 
15x15 cm test tube and adjusted to approx- 
iinately 0.1 M sulfuric acid by addition ^f a 
few drops of concentrated sulfuric .acid. One 
drop of methyl red is added for each m ol 
solution. Dilute (10 ‘ M) bromine solution 


is run in from the burette until the solution 
becomes nearly colorless. Another drop of 
methyl red is introduced and bromine added 
again until the solution is colorless. The end 
point can be judged best by holding a tube 
of water alongside the tube of solution which 
is being titrated. Both tubes should be allowed 
to rest vertically on white paper and observed 
from an angle of about 45° to the vertical. 
The end point is not reversible so care must 
be taken not to overstep. It is preferable to 
add the methyl red in two steps owing to 
partial irreversible o.xidation of the indicator 
by local e.xcess bromine during the titration. 
Determination of the end point is greatly 
facilitated by the use of a Fisher fluorescent 
titration lamp (Fisher Scientific Co., Pitts- 
burgh. Pa.). 

The concentration of sulfuric acid or methyl 
red may vary ± 50% without affecting the 
results. 

Results. Examples of titrations carried out 
as described are shown in Table I. 

Sources of Error. Any substance whicli re- 
acts with bromine will evidently interfere with 
the titration. Hydrogen sulfide and sulfides in 
general are the most common such substances. 
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Since rubber tubing and stoppers contain 
large amounts of sulfides the solutions must 
not come in contact with them. 

Hydrogen Sulfide in Air. Hydrogen sulfide 
is not absorbed in one M sulfuric acid so that 
in analyzing samples of air, hydrogen sulfide 
is not titrated. It may be removed from acid 
solution by boiling for several minutes. Old 
sulfide solutions, however, cannot be freed 


of reducing substances in this way. 

Summary. Mustard (I), ethyldichlorarsine 
(II), Lewisite (HI), and phenyldichlorarsine 
(IV) may be titrated with 10"* M bromine 
using methyl red as indicator. The method is 
accurate to about ± 0.02 ml 10^ M bromine 
per ml of solution titrated. The reaction of 
these compounds is that of one mole of 
bromine per mole of gas. 
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Carbonic Anhydrase in the Pallium of Primates Compared with that 
of Lx)wer Mammals.*'!' 

Winifred Ashby. 

From the Blackhurn Laboratory, Saint Elizabeth’s Hospital, Washington. 


Carbonic anhydrase reversibly catalyzes the 
change of carbon dioxide and water to carbon- 
ic acid. It occurs in the central nervous sys- 
tem in amounts ranging from a doubtful 
positive in the cord of the hog' to a content 
in either the cerebellum or cerebrum appro.x- 
imately equal to one-tenth of that found in 
the blood." None has been found in peripheral 
ner\'e of man and dog (unpublished). The 
content in the spinal cord of mature animals 
in which it occurs in any considerable amount 
is well below that of the medulla, pons and 
higher centers.® 

Previously reported data indicated a well 
defined difference in the pattern of the quan- 
titative distribution of carbonic anhydrase in 
the pallium of the lower animals studied, the 
dog. the hog and the cat, from that found in 
man. In the lower animals the cortex held 
the greater content. In man the pattern was 

* This work was aided by a praiit from tlic 
.Supremo Councii. Tinrfy-tiiird Degree. Scotti.'h 
Rite, Masons and the Northern .Turisdiction, 
U. .S. A. 

f I am indebted to Dr. .\nna Dean Duianey of 
the raliiologicat Institute of the VniversUy of 
Tennessee for monkey brains. 

t .\siiby. W., ,1. Einj. Chnn., 1044, l.Vg, 23o. 

- ,\shby. \V., .T. Rio!. Chem., 1043, l.ll. ."igl. 

•"* .\sliby, \V., J. Biol. Chenu, 1044, 1">. 071. 


reversed; the white matter immediately below 
the cortex had a markedlj’- greater enzyme con- 
tent than the cortex. Exception was found in 
the motor cortex where more definite ap- 
proximation to the animal pattern appeared 
in the leg area.'* 

The present study is an extension of work 
previously reported. The brains of 4 Rhesus 
monkeys were examined to see whether the 
pattern of man is found also in these primates; 
and additional data on other of the lower 
mammals, the horse, the steer, the sheep and 
the rabbit are given. Data on the guinea pig 
are not included as the subcortical white 
matter of the brain was too small in amount 
to be separated successfully from the cortex. 

Tcc/tniquc. The technique emploj-ed for 
the determination of carbonic anhydrase was 
essentially that of Philpot and Philpot® as 
modified by Keilen and ^lann.® Specific pro- 
cedures emplo 3 -ed* and the method used to 
determine the enzyme activity attributable 
to the blood in the tissue' are given elsewhere. 

^ .Isliby, IV., J. Biol. Chem., 1944, 15G, 323. 

Philpot, P. .T., .and Pliilpof, .T. St. L.,’ Biorhem. 
.T.. 193C, 30, 2191. 

CKciliu, D., .and M.ann. T., Ri'ochcm. J. 1940 
34, lies. ’ 

7 Asi.by. IV.. .and a.an, D. V., J. im. Chem , 
1943, 451, 515. 
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Carbonic Anhydrase in Primate Pallium 


TABLE I. 

Comparison of Carbonic Anliydrasc Content of Tissue from Exsanguinated and Kon-exsan- 
guinated Guinea Pigs. 


Tissue 


Carbonic anhydrase : 

Units per gram 



Control 


Exsanguinated . 

■v 

Total 

Correction 
for blood 
content 

Net 

Total 

Correction 
for blood 
content 

Net 

Cerebrum 

(Pig A) 26.7 

3.4 

S3.S 

(PigB) 25.0 

0.03 

25.0- 

Cerebellum 

( " C) 40.4 

3.0 

sy.i 

( ” D) 49.3 

0.8 

4S.5 

Frontal Pole 

( ” 0) 20.0 

3.4 

16.G 

( " B) 18.7 

0.3 

1S.4 


The brain tvas sampled while fresh — ^pre- 
ferablj"^ unfrozen. Part of a gyrus was dissected 
from the pallium and pure white matter be- 
neath the gyrus was taken. This was called 
“D.” The gyrus was then sliced vertically 
to e.x'pose the layer of corte.v surrounding 
the white matter within the gyrus. Approxi- 
mately the outer half of the cortex was re- 
moved with a sharp blade. The remaining 
inner portion was separated from the white 
matter by cutting or scraping. These three 
latter samplings were designated “A,” “B” 
and “C” respectively. (Fig. I) 

Effect oj Perfusion. Since the first 3 monkeys 
received had been used to produce malarial 
antitoxin and had been bled and perfused 
when sacrificed until there was little evidence 
of blood in the brain, it was considered desir- 
able to control the effect of perfusion by using 
guinea pigs. The degree of anemia produced 
in these animals was such that the carbonic 



anhydrase attributable to the blood in the 
tissue was reduced from 3.0 units or more 
in the control animals to only 0.8 to 0.02 
units in the perfused. The enzyme content of 
the brain tissue, however, was within the 
same range in the two series. The results are 
given in Table I. There was no indication 
that carbonic anhydrase activity of the brain 
was lost by perfusion. 

Man vs Rhesus Monkey. The carbonic 
anh 3 -drase content found in the cerebrum of 
the 4 monkeys studied was low. The content 
in the cerebellum w'as 2 to 3 times greater 
and within the range found in man. 

Although the difference between the car- 
bonic anhydrase content of the white and 
grey matter in the pallium was less in monk- 
eys than in humans, especially in the brains 
with the smaller amount of enzyme, the pat- 
tern of distribution iras the one tj'pically 
found in the human brain. No attempt was 
made to determine whether, as in the human, 
the motor corte.x of these monkeys gave the 
reverse distribution typical of the dog, cat and 
hog. Results obtained by the same technician, 
from one human and 4 monkey brains are 
given in Fig. 2 in which the gyrus in the 
region from which the test material was taken 
is magnified. 

Horse vs Man. Comparisons, in the brain 
of a horse and of a man, of the carbom'c an- 
hydrase content of the cortex with that of 
the white matter immediately below it, are 
given in Fig. 3. 

In 3 samplings, taken from the parietal 
area and from the frontal and occipital poles 
of the brain ol the horse, there was definitely 
less carbonic anhj'-drase in' the white matter 
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Fia. 2. 

Pattern of distribution of carbonic anhydrase between cortex and subcortical white matter, 
in the cerebrum of a man and Rliesus monkeys. 

"A,” "B,” "C,” “D” have the significance indicated in Pig. 1. In the areas from -which 
specimens -were taken a gyms is dra-wn as though greatly magnified and the “A,” “B," "C" 
samplings are indicated thereon. 

below the cortex than in the corte.x. In the Studies on Sheep, Rabbits and Cattle. Data 
frontal pole the findings tended to be approx- on the relationship bet-ween the carbonic an- 
imately equal in this brain, in marked con- hydrase content of the cortex and of the 
trast with the pattern found in man where, white matter below it, in the brains of 2 
in the frontal pole, there was a great e.xcess sheep, 3 rabbits, a calf and a steer, are given 
of enzyme in the white matter over that of in Table II. Sheep I was sacrificed because 

the cortex and in the occipital pole, an ap- of its extreme age. Sheep 2 was comparatively 

proach to equality.® The pattern of distribu- young. The rabbit brains were too small to 
tion found in the motor corte.x of the human make more than one series of determinations 
brain was as previously reported, like that per brain. The calf had been exsanguinated, 
found in the horse and in other non-primates The steer was an e.xperimental animal and 
studied. had not been bled. Since its blood was not 

— — available, the blood of a cow -was used to 

8 Ashby, w., Biol. C7;cm., 1044, 150, 331. determine the correction to be made for 
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Fig. 3. 


Distribution nattern of carbonic anbydrase in the pallium of a man and a horse. In man 
atforthetg ^tor area is included. A,” ”B,” ”C,” and "D” have the significance 


data 

indicated in Fig. 1. 


blood content. It is probable that the cor- 
rection in the cortical specimens was too 
great (Table II). 

Stimmation of Average Results. The data 
on the relative carbonic anhydrase contents 
of the corte.Y and tJie subcortical white 
matter are summarized in Table III and 
compared with findings from 10 frontal and 
10 occipital poles from the same human 
brains. Averaged results from motor areas 
are also given. Subtraction of the average 
carbonic anhydrase content of the white 
matter immediately below the grey matter 


from that of the grey matter gives a positive 
number in all species below the primates. In 
man and Rhesus monkey, on the other hand, 
a negative quantity is found e.vcept in the 
motor area. 

Discussion. It would seem probable that 
the quantitative pattern of distribution of 
carbonic anhydrase found in the pallium of 
man and Rhesus monkey and, so far, not in 
other animals studied (namely, the dog, hog, 
cat, horse, cattle, sheep, rabbit) may be part 
of an evolutionary development peculiar to 
the primates. 
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TABLE II. 

Comparison of Carbonic Anhydrase Content of Cortex witli That of Sub-cortical Wliite Hatter 
in Sheep, Babbit, and Cattle. 

Carbonic anhydrase, units per gram, corrected for 
blood content: correction in parentheses 

r “ ” ' ' ' ' . 

Cortex Sulj-cortical white 


Animal Area .A B CD 


Sheep 1. 

Erontal 


17.1 

(1.1) 


16.3 

(0.7) 




Occipital 


18.2 

(0.9) 


12 2 

(0.7) 



> 1 2 

Frontal 


38.2 

(0.9) 


19.0 

(l.l) 

15.8 

(0.7) 


Precentral 


34.0 

(4.5) 


18.0 

(2.4) 




Postcentral 


39.0 

(2.7) 


16.6 

(1.4) 




Occipital 


39.0 

(4.3) 


25.2 

(1.8) 

14.7 

(1.4) 

Babbit 1. 



1G.8 

(1.3) 


13.5 

(1.8) 



2 


33.1 

(2.0) 

24.1 

(1.5) 

22.3 

(0.5) 



” 3. 


37.9 

(5.6) 

32.9 

(3.6) 

24.7 

(3.5) 



■Calf 


12.5 

(0.2) 

12.4 

(0.1) 

8.5 

(0.1) 

7.0 

(0.1) 

J 1 


11.1 

(0.1) 

11.4 

(0.1) 

8.1 

(0.1) 



Steer 


12.7 

(8.0) 

12.9 

(6.5) 

11.8 

(5.0) 

12.5 

(1.4) 

n 


18.2 

(5.1) 

16.0 

(4.9) 

12.9 

(4.0) 

12.0 

(1.6) 

i j 


ll.C 

(6.7) 

9.4 

(5.0) 

9.9 

(1.6) 

8.7 

(1.3) 


TABLE ni. 

Comparison of Carbonic Anhydrase Contents of the Cortex and the Sub-cortical White Hatter 

in Primates and Lower Animals. 


Ino. of 

Animal comparisons 

Jso. of 
animals 

Average findings 

Units per gram 

Cortex White matter 

Difference 

% 

Babbit 

3 

3 

27.3 

20.2 

26 

Steer 

5 

o 

12.8 

10.2 

20 

Sheep 

4 

2 

30.9 

18.0 

42 

Horse 

6 

i 

20.5 

14.9 

27 

Cat 

6 

4 

39.2 

24.9 

36 

Dog 

6 

2 

33.7 

14.4 

57 

Hog 

9 

5 

34.8 

26.4 

24 

Bhesus monkey 
Han 

5 

4 

11.2 

14.9 

—33 

Frontal pole 

10 

• 

19.2 

29.7 

— 55 

Occipital pole 

10 


25.3 

29.2 

—15 

Motor cUrtex 

11 


33.1 

26.2 

21 


A tendency toward an inverse relationship 
among species between the size of the animal 
and the rate of metabolism of its brain has 
been reported.” In the series studied, the brain 
of the horse, which most nearly approaches 
that of man in size, shows a cortical content 
of carbonic anhydrase somewhat below that 
in the human brain. Therefore the larger 
amount of enzyme found in the subcortical 
white matter of man as compared with that 
found in the corte.v might be regarded as an 

” Page, 1. H., Chcmislrij of llic Brain, Spring- 
tieW, 111., Tliomns, 1937. 


increase of the enzyme in the white matter 
beneath the cortex, rather than as a decrease 
within the cortex. 

In the occipital pole in man, where there 
is a point to point projection from the gen- 
iculate nucleus, there is a decreased difference 
between the enzyme content of the <cortex and 
the white matter beneath it. In the motor 
cortex, where the white matter consists largely' 
of efferent fibers, the usual pattern of dis- 
tribution peculiar to man and the Rhesus 
monkey is not present. Here, especially in 
the leg area, the white matter below the cortex 
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Fig. 3. 


Distribution pattern of carbonic anhydrase in tlie pallium of a man and a horse. In man 
data on the leg motor area is included. "A,” “B,” “C,” and "D” have the significance 
indicated in Fig. 1. 


blood content. It is probable that the cor- 
rection in the cortical specimens was too 
great (Table II). 

Summation of Average Results. The data 
on the relative carbonic anhydrase contents 
of the corte.Y and tihe subcortical white 
matter are summarized in Table III and 
compared with findings from 10 frontal and 
10 occipital poles from the same human 
brains. Averaged results from motor areas 
are also given. .Subtraction of the average 
carbonic anhydrase content of the white 
matter immediatelj' below the grey matter 


from that of the grey matter gives a positive 
number in all species below the primates. In 
man and Rhesus monkey, on the other hand, 
a negative quantity is found e.xcept in the 
motor area. 

Discussion. It would seem probable that 
the quantitative pattern of distribution of 
carbonic anhydrase found in the pallium of 
man and Rhesus monkey and, so far. not in 
other animals studied (namely, the dog, hog, 
cat, horse, cattle, sheep, rabbit) may be part 
of an evolutionary development peculiar to 
the primates. 
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TABLE II. 


C<imparison of Carbonic Anbydraso Content of Cortex -witli That of Snb-eortieal AVliitc Matter 
ill Sheep, Babbit, ami Cattle. 




Carbonic anhydrase. 

units per gram, corrected for 



blood content : > 

porreetion in parentheses 



<■ 

Cortex 

Sub cortical white 

Animal 

Area 

A 

B 

C 

D 

Sheep 1. 

Frontal 

17.1 

(1.1) 

16.3 (0.7) 


fJ O 

Occipital 

is.a 

(0.9) 

12.2 (0.7) 


Frontal 

38.2 

(0.9) 

19.0 (1.4) 

15.S (0.7) 


Precentral 

34.0 

(4.5) 

IS.O (2.4) 



Postcentral 

39.0 

(2.1) 

16.6 (1.4) 



Occipital 

39.0 

(4.5) 

25.2 (1.8) 

14.7 (1.4) 

Rabbit 1. 

1C.S 

(1.3) 

13.5 (l.S) 


ft O 


35.1 (2.0) 

24.1 (1.5) 

22.3 (0.5) 


” 3. 


37.9 (5.6) 

32.9 (5.6) 

24.7 (3.5) 


■Calf 


12.5 (0.2) 

12.4 (0.1) 

8.5 (0.1) 

7.0 (0.1) 

f } 


11.1 (0.1) 

11.4 (0.1) 

8.1 (0.1) 


Steer 


12.7 (S.O) 

12.9 (6.5) 

11.8 (5.0) 

12.5 (1.4) 

n 


1S.2 (5.1) 

16.0 (4.9) 

12.9 (4.0) 

12.0 (1.6) 

Tf 


11.6 (6.7) 

9.4 (5.0) 

9.9 (1.0) 

8.7 (1.3) 



TABLE III. 



Comparison of Carbonic Anbvdrnse 

Contents of the Corte:c and the Snb-cortical \Vlutc Hatter 


in Primates and Lower Animals. 






Average findings 





Units per gram 



No. of 

No. of 


— , Difference 

Animal 

comparisons 

animals 

Cortex IVhite matter 

% 

Rabbit 

3 

3 

27.3 

20.2 

26 

Steer 

5 

O 

12.8 

10.2 

20 

Sheep 

4 

o 

30.9 

18.0 

42 

Horse 

6 

i 

20.5 

14.9 

27 

Cat 

6 

4 

39.2 

24.0 

30 

Dog 

0 

o 

33.7 

14.4 

57 

Hog 

9 

5 

34.S 

26.4 

24 

Rhesus monkej' 5 

4 

11.2 

14.9 

—33 

Man 






Frontal pole 10 

Occipital pole 10 


19.2 

25.3 

20.7 

20,2 

—55 

—15 

Motor 

cortex 11 


33.1 

26.2 

21 


.‘V tendency toward an inverse relationship 
union" species between the size of the animal 
and the rate of metabolism of its brain has 
been reported.” In the series studied, the brain 
of Uie horse, which most nearly approaches 
that of man in size, shows a cortical content 
of carbonic anhydrase somewhat below that 
in the human brain. Therefore the larger 
amount of enzyme found in the subcortical 
white matter of man as compared with that 
found in the cortex might be regarded as an 

I. n., Clicmistrit of Ihc r>rain. Sprinp- 
ticlil, III., Thomas, 1P37. 


increase of the enzyme in the white matter 
beneath the cortex, rather than as a decrease 
within the cortex. 

In tlie occipital pole in man, where there 
is a point to point projection from the gen- 
iculate nucleus, there is a decreased difference 
between the enzyme content of the cortex and 
the white matter beneatli it. In the motor 
cortex, where the white matter consists largely 
of efferent fibers, the usual pattern of dis- 
tribution peculiar to man and the Rhesus 
monkey is not present. Here, especially in 
the leg area, the white matter below the cortex 
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contains definitely less enzyme than the 
cortex and the pattern of distribution is like 
that in the lower animals. 

In this region below the cortex, which in 
the primates shows the increased enzyme con- 
tent, are found fibers which make extrinsic 
cortico-cortical connections. The coincidence 
of this pattern of distribution with the devel- 
opment in the primates of the capacity for 
wider mental association, as found in man, 
may be of significance. If this difference in 


the pattern of distribution proves to be tenable 
after further study, it would differentiate 
qualitatively between the brain of primates 
and that of the lower animals. 

Summary. Within the pallium a quantita- 
tive distribution pattern of carbonic anhy- 
drase, not found in the dog, cat, hog, horse, 
sheep, cattle and rabbit, has been found in 
man and the Rhesus monkey. Its possible 
significance is discussed. 
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Purification of the Resin Aniberlite IR-100 for Blood Coagulation Studies.* 

IMario Stefanini.I (Introduced by Armand J. Quick.) 

From the Department of Biochemistry, Marquette Vniversity School of Medicine, 

Milwaukee, Wis. 


The phenol-formaldehyde resin, Amber- 
lite IR-100, which can remove calcium from 
blood completely by virtue of its ion exchange 
property^ has become a valuable agent for 
quantitative studies of calcium in the coagu- 
lation mechanism.-'® Since certain lots of 
Amberlite have been found to contain im- 
purities which interfere with coagulation, an 
improved method of purification had to be 
devised. Several studies have been carried 
out with the purified product to determine 
further whether Amberlite induces any change 
in blood other than the removal of calcium. 

Experimental. 1. Purification of Amberlite.^ 
Twenty grams of Amberlite were covered wth 
100 cc of 5% (by volume) sulfuric acid and 

• This work ^vas supported by a grant from the 
United States Public Healtli Service. 

t Department of Internal Medicine, University 
of Roma; at present, Senior Research Fellow, 
National Institute of Health. 

1 Steinberg, A., Peoc. Soc. Exr. Biol, and Med., 
1944, 50, 124. 

2 Quick, A. J., Am. J. Physiol, 1947, 148, 211. 

2 Stefanini, M., and Quick, A. J., Am. J. Physiol, 

in press. 

t Mr. James C. Winters of the Resinous Products 
and Chemical Company offered valuable sugges- 
tions. 


the mixture boiled and stirred vigorously for 
5 minutes. The resin was washed with distilled 
water by decantation until the wash water was 
no longer acid. The material was then treated 
with 100 cc of 5% sodium carbonate solution, 
heated to approximately 70'‘C and tlioroughly 
stirred. The deeply colored supernatant fluid 
was poured off and the process repeated until 
little coloring matter could be extracted. The 
resin was finally washed with warm distilled 
water until all traces of sodium carbonate 
were removed. 

The cation-e.\Thange resin was prepared 
for reaction by adding to it 250 cc of 5% 
solution of sodium cliloride, stirring vigorous- 
ly for 30 minutes and allowing the mixture 
to stand for 60 minutes more. The resin was 
then washed with distilled water and filtered 
b}'' suction until the wash water no longer 
contained chloride ions. The solid was dried 
at 37-0. 

2. Dccalcification with Amberlite. To pre- 
vent incipient coagulation, blood obtained 
by venipuncture with minimal trauma was 
drawn into a syringe coated with Silicone and 
inimediatelj' passed through a column of 3 
g of Amberlite, an amount sufficient for com- 
plete decalcification of 10 cc of blood. The 
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Fig. 1. 

Tube Employed for Decalcifying Blood vritb Amberlite. Tbe tube, the plug of glass ivool, 
and the needle (No. 16) were all coated with Silicone; tbe cork with collodion. 


tube used was approximately 1 x IS cm and 
was coated with Silicone^ (Fig. 1). The de- 
calcified blood was collected in a test tube 
coated with Silicone, then passed twice more 
through the same Amberlite. This resin can 
be re-used several times if it is washed free of 
all traces of blood with distilled water im- 
mediately after each use, then treated with 
5% sodium carbonate and recharged with 
sodium chloride.^ 

Properties oj the blood decalcified with 
Amberlite. Steinberg’s original findings^ that 
the blood was little altered, except bj*^ remoral 
of calcium, were confirmed. If any calcium 
remained, the amount was too small to be 
determined by ordinary analytical methods. 
Since dog blood thus decalcifi^ failed to clot 
after the addition of thromboplastin, the cal- 
dum remaining must have been considerably 
less than 0.0001 M, a concentration still 
adequate to produce rapid clotting.- The 
thromboplastin used in this e.xperiment and 
in all of our determinations of prothrombin 
time of plasma decalcified with .Amberlite was 
made calcium-free. This was done by careful 
trituration of the rabbit brain from which 
it was prepared, with 0.02 cc of a 0.1 M 
solution of sodium oxalate per g of fresh 
weight, before dehydration wiOi acetone. 

Curiously, the sedimentation rates deter- 
mined with blood decalcified with Amberlite 

5 Metliyl-cliloro-sil.anc; Dri Film No. 99ST (Gen- 
oral Electric). 


were consistently lower than with citrated 
or heparinized blood (Table I), thus con- 
firming the findings of Steinberg. This ob- 
servation may ultimately help to explain the 
sedimentation behavior of blood. 

The clotting time of whole blood decalci- 
fied with Amberlite and recalcified with an 
optimum concentration of CaClj (0.00386 
hi) appears to be much shorter than that of 
the original blood. For example, the clotting 
time of 8 minutes 15 seconds for a sample of 
native human blood was reduced by treat- 
ment with Amberlite and recalcification to 3 
minutes and 30 seconds. However, a similar 
result is obtained with blood recalcified after 
oxalation or citration. 

As shomi by Steinberg, little or no modi- 
fication of the prothrombin activity, as meas- 
ured with the one stage method, takes place 
in blood decalcified with Amberlite; the fi- 
brinogen content is slightly decreased (10- 
15%) but not sufficiently to cause any change 
in the coagulability. Human plasma that has 
been decalcified with Amberlite after the re- 
moval of prothrombin and fibrinogen can 
restore to normal the apparently delayed pro- 
thrombin time of stored human oxalated 
plasma. 

The antithrombin activity of Amberlite 
plasma was compared nith that of citrated 
or oxalated plasma by two methods. In the 
first, thrombin of decreasing strength was 
added to a constant amount of oxalated or 
.Amberlite plasma according to the method 
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TABLE I. 

Sedimentation Hate of Citiated, Heparinized, and Amljerlite Human and Dog Blood After 

1 and 24 Hours. 

Westergren’s teelinic n'as used. Values given are in mm. 


Subject 


Human blood 



Dog blood 


* 1 

234 ' 

'1 

0 

3 

4 ' 

After 1 hr 








Citrated 

blood 10 

14.5 23 17.5 


0 

0 

2.5 

3 

Heparinized 

” 9.7 

15 24 18 


0 

0 

3 

3 

Amberlite 

” 4 

9 15 10.5 


i 

1 

1 

0 

After 24 hr 








Citrated 

blood 57 

73 99 91 


11 

15 

00 

24.5 

Heparinized 

” 58 

75 102 94 


10 

10 

20.5 

20 

Amberlite 

” 49 

64 71 02 


6 

10 

13 

14.5 



TABLE II. 






Antitlirombin Activity of O.v.alated .and Amberlite Pl.a.s?)ias of Jl.m. 

Dog, and Rabbit. 

Each figure in 

the table represents the average clotting 

time in 

seconds obtained in 

several 



experiments.’* 






Dilution of thrombin 

Pull strength 


% 

Vs 


nV 

Human plasma 

.Amberlite 

3 

4 

6. 

9 

15.5 

27 


O.xalated 

3 

4 

0.5 

9.5 

17 

29 

Dog ’> 

Amberlite 

3 

4 

6.5 

12 

17,5 

32 


O.xalated 

3 

4 

7 

11.5 

19.5 

35 

Babbit ” 

Amberlite 

3.5 

4.5 

7 

12.5 

20.5 

38 


O.xalated 

3.0 

5 

7.5 

13 

22 

39 


* 0.1 cc of tltroniljin was added to 0.2 cc of tlic plasma. The tubes were incubated in a water 
batli at 37°C. The thrombin was always prepared from human oxalnted plasma and stored for 
an hour or longer, until its activit.v became constant. It was diluted as required with distilled 
water. 


of Quick.* In the second, an equal volume 
of Quick’s “full strength” human thrombin® 
was incubated with Amberlite, oxalated or 
citrated plasma and the rate of decrease 
in thrombin activitj^ was measured using 
normal oxalated plasma as a source of fibrin- 
ogen. Details are appended to the tabulated 
data (in Tables II and III). 

The results recorded in Table II show plain- 
ly that the clotting response of Amberlite 
plasma to varying concentrations of thrombin 
is the same as that of oxalated plasma. 
Therefore, the Amberlite does not introduce 
or reduce any agent antagonistic to thrombin-, 
nor does it affect the stability of fibrinogen. 
When thrombin is incubated with Amberlite 
plasma (Table III), its inactivation is Iks 
pronounced than when it is incubated with 


4 Quick, A. J., The Hemorrhagic Diseases amt 
the Physiology of Hemostasis. Charles C. Tliomas, 

Springfield, 111., 1942, p. 319, 321. , 

5 Quick, A. J., Am. J. Physiol, 1930, 11,>, 31(. 


oxalated plasma, but essentially the same as 
with citrated plasma. Further investigation 
is required to provide an e.xplanation. 

Summary. 1. A method of purification of 
resin .Amberlite IR-100 was devised. When 
blood was treated with the purified resin a 
decreased sedimentation rate was found, with 
morphological, chemical, and physical prop- 
erties otherwise practically unmodified. 

2. Of the factors involved in blood coagula- 
tion, prothrombin, fibrinogen and the labile 
factor described by Quick® apparently were 
not appreciably altered by the decalcification 
with Amberlite. With optimal recalcification, 
the clotting time of the treated blood was 
much shorter than that of native blood, but 
this is also true for oxalated and citrated 
blood. 

3. -A reduced anlifhrombin activity was 
observed in .Amberlite plasma upon incuba- 
tion with “full strength” thrombin. Since 

« Quick. A. .1., /.ancet, 1947, 2. 37.9. 
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TABLE III. 

Effect of Incubation TOth Citrated, Oxalated, and Amberlite Plasmas of Man, Dog, and Babbit 
on Activity of Pull Strength Human Thrombin. 

Each figure in the table represents the average clotting time in seconds obtained in several 

experiments.* 


Length of incubation (sec.) 

60 

120 

180 

240 

300 

Human plasma ■ 

Amberlite 

S 

11 

13.5 

29.5 

34 

Citrated 

12 

14 

16 

21 

29 


Oxalated 

12 

23 

64 

450 

t 

Dog ” 

Amberlite 

8.5 

12 

1S.5 

27 

52 

Citrated 

11 

13 

17.5 

25 

34 


Oxalated 

13 

26.0 

49 

90 

225 

Babbit ” 

Amberlite 

9 

11.0 

14 

22 

40 


Citrated 

11 

12.5 

15 

20.5 

34 


Oxalated 

11 

35 

49 

58.5 

87 


* Equal volumes of full strength human thrombin and of the plasma to be tested were incu- 
bated in a water bath at 37°C; the clot was wrapped about a glass rod coated with collodion and 
removed. After the incubation, 0.1 cc of the mixture were added to 0.2 cc of oxalated homo- 
logous plasma as a source of fibrinogen and the clotting time was determined and recorded, 
i No clotting in 1 hr. 

citrated plasma responded similarly, the be- of decalcification of the 3 agents, 
haviour may be linked with the mechanism 
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Effect of Polyoxyalkylene Sorbitan Monooleate on Blood Cholesterol and 
Atherosclerosis in Cholesterol-Fed Rabbits * 


Aaron Kellner, t Jasies W. Correll, and Anthony T. Ladd. 
(Introduced by John G. Kidd.) 

X’rom the Department of PathoJogv, CorneU University JlcdicaJ College, anil The yew Tori: 

Hospital, Xew Tori: City. 


, an attempt to alter the solubility or col- 
il stability of cholesterol in vivo and thus 
ifv the development of experimental 
esterol atherosclerosis. Hueperi admin- 
■ed several commercial detergents to 
esterol-fed rabbits and observed no strik- 
alteration in blood cholesterol levels or 

■ee of atherosclerosis. 

his report deals with the effect of oral 
•oxyalkylene sorbitan monooleate, Tween 

from the rnited Slntes 

iie Health Penice. 

,i.« work was done during tlie tenure of 
nsuranee Medical Beseareli Pcllow.ship. 

I r/*7» T*nth lot* «-»!« «« 


jpor. 
,„„faetnred 

,a. D*’’- 


t’cMowsliip. 

. Path ., 1044. :58. 3S1 

by till' Atl.T't INnvdor Co., Wil- 


80, a surface-active agent of low toxicity, on 
the level of blood cholesterol and on the devel- 
opment of atherosclerosis in cholesterol-fed 
rabbits. 


^ Experimental. Adult male and female rab- 
bits averaging 3.2 kg in weight were fed a 
stock diet of Rockland rabbit pellets to 
which were added either: 

A. Cholesterol— 1 g; peanut oil— 3 ec; T\vi‘en 
SO — 10 cc. 

B. Cliolesterol — 1 g; peanut oil— 3 ce. 

C. Tween 80 — 10 cc. 






the stock diet m individual containers, anc 
thoroughly mi.xed. 




In Experiment 1, 6 rabbits were fed Diet 
an 5 Diet B daily. In Experiment 2. 12 
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TABLE I. 

Sedimentation Bate of Ciliated, Heparinized, and Amberlite Human and Dog Blood After 

1 and 24 Hours. 

Westergren^s technic 11*38 used. Values given are in nim. 


Subject 



Human blood 




Dog blood 


' 1 

2 3 

4 ' 

'1 

0 

3 

T 

4 

After 1 hr 










Citrated 

blood 

10 

14.5 23 

17.5 


0 

2 

2.5 

3 

Heparinized 

} } 

9.7 

15 24 

18 


0 

0 

3 

,3 

Amberlite 

ii 

4 

9 15 

10.5 


1 

i 

1 


After 24 hr 










Citrated 

blood 

57 

73 99 

91 


11 

15 

22 

24.5 

Heparinized 


58 

75 102 

94 


10 

16 

20.5 

26 

Amberlite 

33 

49 

64 71 

62 


6 

10 

13 

14.5 




TABLE II. 







Antitliroinbin Activity of O.x.alated and Amberlite Plasnms of M.an. 

Dog, and Rahhit. 


Each figure in 

the table represents the average clotting time in 

seconds obtained in sei 

■eral 




experiments.^ 







Dilution of thrombin 

Pull strength 


34 

Vi 

Vs 

* 


Human plasma 


Amberlite 

3 


4 

6. 

9 

15.5 

27 



Oxalated 

3 


4 

6,5 

9.0 

17 

29 

Dog ” 


Amberlite 

3 


4 

6.0 

12 

17.0 

32 



Oxalated 

3 


4 

7 

11.5 

19.5 

35 

Rabbit ” 


Amberlite 

3.0 


4.0 

7 

12.5 

20.5 

3S 



Oxalated 

3.5 


5 

7.5 

13 

22 

39 


* 0.1 ce of thrombin was added to 0.2 ce of the plasma. The tubes were incubated in a water 
bath at 37°G. The thrombin was always prepared from human oxalated plasma and stored^ for 
an hour or longer, until its activity became constant. It was diluted as required with distilled 
water. 


of Quick.* In the second, an equal volume 
of Quick’s “full strength” human thrombin*’ 
was incubated with Amberlite, oxalated or 
citrated plasma and the rate of decrease 
in thrombin activity was measured using 
normal oxalated plasma as a source of fibrin- 
ogen. Details are appended to the tabulated 
data (in Tables II and III). 

The results recorded in Table II show plain- 
ly that the clotting response of Amberlite 
plasma to varying concentrations of thrombin 
is the same as that of oxalated plasma. 
Therefore, the Amberlite does not introduce 
or reduce any agent antagonistic to thrombin, 
nor does it affect the stability of fibrinogen. 
When thrombin is incubated with Amberlite 
plasma (Table III), its inactivation is less 
pronounced than when it is incubated with 

4 Quick, A. J., The Hemorrhagic Diseases and 
the Physiology of Hemostasis, Omrlcs C. Thomas, 
Springfield, 111., 1942, p. 319, 321. 

5 Quick, A. J., Am. J. Physiol., 193G, 115, 317. 


o.xalated plasma, but essentially the same as 
with citrated plasma. Further investigation 
is required to provide an explanation. 

Summary. 1. A method of purification of 
resin Amberlite IR-100 was devised. When 
blood was treated with the purified resin a 
decreased sedimentation rate was found, with 
morphological, chemical, and physical prop- 
erties otherwise practically unmodified. 

2. Of the factors involved in blood coagula- 
tion, prothrombin, fibrinogen and the labile 
factor described by Quick® apparently were 
not appreciably altered by the decalcification 
with Amberlite. With optimal recalcification, 
the clotting time of the treated Wood was 
much shorter than that of native Wood, but 
this is also true for oxalated and citrated 

blood. . 

3. A reduced antithrombm activity was 
observed in .Amberlite plasms upion incu a- 
U-on with “full strength” thromW_ Since 


c Quick. -A. J., Lancet, 194T, S, 
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part at least, to better emulsification of chol- 
esterol in the intestinal tract and more effi- 
cient absorption. Studies now in progress 
using parenteral administration of Tween 80 
indicate that because of its detergent proper- 
ties it may also have a more direct influence on 
the level of cholesterol and other lipids in 
the blood. 

Rabbits fed cholesterol plus Tween 80 
developed atherosclerosis of the aorta more 
uniformly, at an earlier date, and of a slightly 
more severe degree than the cholesterol-fed 


controls. Animals fed only Tween 80 had no 
atherosclerosis. 

Studies are now in progress to determine 
whether Tween SO can eSect resorption of 
experimental atherosclerosis. 

Sumviary. Rabbits fed Tween SO and cho- 
lesterol developed blood cholesterol levels that 
were 2 to 3 times as high as those obtained by 
cholesterol feeding alone, and also exhibited 
an earlier and somewhat more severe degree 
of atherosclerosis. 
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V. Long-term Maintenance of Two Strains on Synthetic and on 

Stock Diets.* 

Paul F. Fekton, George R. Cowgill, axd Marie .A. Stoxe. 

From the Nutrition Lahoratory, Department of Physiological Chemistry, Talc Vniversily, Xeic 

Eaven, Conn. 


Nielsen and Black^ have reported that mice 
require a dietary source of biotin and folic 
acid during their early period of growth, and 
that this requirement is increased by incorpo- 
rating sulfasuxidine in the ration. We- have 
observed that mice of 2 highly inbred strains 
grow well on synthetic rations containing 
no added biotin and folic acid. We have also 
shown, however, that one or both of these 
factors may be essential for satisfactoiy re- 
production and lactation.® Unpublished work 
in this laboratory has revealed that mice of 
the C57 strain may be maintained on a sjm- 
thetic diet with 0.75^ sulfasu.xidine without 
added biotin and folic acid but with p-anvino- 
benzoic acid for about 6 months without show- 

• TMs investigation was supported by grants 
from tbo Nutrition Foundation, Inc., tlie Ann.a 
PuUor Fund, and the American Cancer Society, 
on the recommendation of the Committee on 
Growth of the National Besearch Council. 

t Nielsen, E., and Black, A., J. Nutrition, 191-1, 
5J8, 203. 

- Fenton, P. F., Cowgill, G. B., and Stone, It. A., 
Yale J. Dial, and 3[cd., 1947, in press. 

3 Fenton, P. F., and Cowgill, G. B., .7. Nutrition, 
1947, 33, 703. 


ing outward changes other than slight alopecia 
and achromotrichia. The discrepancj- between 
our results and those of Nielsen and Black 
and the fact that the literature contains few 
reports of long-term maintenance of mice on 
highly purified diets led us to anal3-ze the 
records of our mouse colony in which animals 
have been maintained on various stock diets 
and symthetic rations. 

Methods. Two strains of mice (the A 
strain, with high incidence of spontaneous 
mammary tumors, and the C57 with low tumor 
incidence) have been emploj'ed in these stud- 
ies. At weaning the animals were placed in 
individual screen-bottom cages and their 
growth rates measured until they were 10 
weeks old. Thereafter they were used for 
reproduction and lactation studies as pre- 
viously reported.® During the rest intervals 
between matings or after the end of the 
reproducti\-e studies 2 or 3 animals were 
housed together. The stock rations employed 
were Purina Dog Chow and later Purina 
Laboratorj- Chow. The sjmthetic diet (No 
101)® contained dextrose 60%, "vitamin- 
free’ casein 23%, hydrogenated cottoild 
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Titoen 80 AND Blood 


Cholesterol 



Weeks 
Fig. 1. 

Mean Serum Cholesterol Lerels. 

Diet A — Cholesterol, peanut oil, and Tween 80 (12 rabbits). 
Diet B — Cholesterol and peanut oil (11 rabbits). 

Diet C — Tween 80 (3 rabbits). 


rabbits were fed Diet A, and 11 Diet B 3 
times a week, and 3 additional rabbits were 
fed Diet C daily. Blood was drawn from the 
marginal ear vein, and serum total cholesterol 
<letennined by a modification of the method of 
Bloor, Pelkan, and Allen.- Tween 80 per se 
does not influence the colorimetric determin- 
ation of cholesterol, as it does not give the 
Leibermann-Burchard reaction itself or when 
added to serum in vitro. The degree of ather- 
osclerosis of the aorta was determined by 
gross examination of the fresh specimen, and 
after fixation and staining of the entire aorta 
in Sudan IV. 

Results. In Experiment 1, at 4, 7, and 10 
weeks the mean serum total cholesterol levels 
of rabbits fed Diet A (cholesterol, peanut oil, 
and Tween 80) were 1,490, 2,72S, and 2,150 
mg per 100 cc respective!}'-, as compared with 
725, 975, and 1,160 mg per 100 cc for the 
rabbits fed Diet B (cholesterol and peanut 

"Tsioor, TV. E., Pelk-m, K. F., iind Allen, D. M., 
J. Siol. CTicm., 1922, 53, 191. 


oil). Fig. 1 summarizes the results of E.xperi- 
ment 2. The serum total cholesterol levels 
reached a peak at 12 weeks with a mean value 
of 2,215 mg per 100 cc (range 900-4,350) 
for rabbits on Diet A, and 880 mg per 100 
cc (range 285-2,205) for rabbits on Diet B. 
The difference between the two groups is 
more than 6 times the probable error, and is 
statistically significant. Rabbits fed Diet C 
(Tween 80) showed at first a very slight rise 
in blood cholesterol, which then returned to 
and remained nithin the normal range. The 
blood cholesterol levels of the rabbits fed 
Diet B were in approximately the same range 
as those previously reported in cholesterol 
feeding e.xperiments (IVeinhouse and Hirsch;^ 
Dubach and HilP). 

The action of Tween SO in augmenting the 
blood cholesterol level is probably due, in 

3 'Weinliouse, S., and Hirsch, E. F., Arch. Path., 
lOiO, SO, S5G. 

■* Dubach, B., and Hill, B. M., J. Biol. Client., 
1946, 1C5, 521. 
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Nielsen and Black did not incorporate p- 
aminobenzoic acid in their rations does not 
offer a convincing reason for the discrepancy. 
It seems much more likely that the difference 
is due to the nature of &e dietary carbohy- 
drate. We have used dextrose while Nielsen 
and Black used sucrose. This aspect of the 
problem is now being further investigated. 
Another possible e.xplanarion at^ the moment 
seems to be one of strain difference. Our eid- 
dence^'^' very strongly supports the view that 
there is a clear strain difference in the nutri- 
tional requirements of the €57 and the A 
strain. The mice used by Nielsen and Black 
may have possessed such a high requirement 
‘ for biotin and folic acid that they showed 
deficiency symptoms during a very early per- 
iod of life. 

The difference in the time required for 
A strain females to develop mammary tumors 
on the stock and the synthetic diets is highly 
suggestive and is being investigated more 
thoroughly. 

The much greater incidence of symptoms 

•> Fenton, P. F., .nnd Coivgill, G, R., .7. Xvtrition, 
1947, »4, 273. 

5 Fenton, P. F., and Cowgill, G. B., Fed. Proc., 
1947, fi, 407. 


and deaths of A strain mice on 'synthetic diets 
suggests again their greater nutritional re- 
quirements. We have shown in this labora- 
tor}^'® that this strain requires more ribo- 
flavin and pantothenic acid for growth than 
does the C57 strain. The findings reported 
here suggest also a greater need for biotin 
or folic acid or both in order to maintain the 
animal in good health during later life. The 
absence of possible unknown nutritional fac- 
tors cannot be altogether overlooked. We 
have found® that mice of the C57 strain on 
synthetic diets had greater cecal contents and 
a greater bacterial population than did mice 
of the A strain. This strain difference was not 
obserx'ed in animals on stock ration. 

Summary. Two strains of highly inbred 
mice, one tumor-susceptible and the other 
tumor-resistant, were maintained for a period 
of about one year on a stock diet or on a 
synthetic ration adequate for good growth 
performance. The tumor-susceptible A strain 
on synthetic diet showed numerous deficiency 
symptoms not seen on stock rations and not 
shown to any great extent by C 37 mice on 
either stock or synthetic diets. 

CGall, L. S., Fenton, P. F., and Cowgill, G. R., 
in press. 
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Antagonism of Sulfadiazine Inhibition of Psittacosis Virus by p-Amino- 
benzoic and Ptcroylglutamic Acids.* 

Herbert R. JiIorgan.' 

From the Thornaihe Uemorial Lahoratonj, Second and Fourth ilcdiccil Services (narvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston. 


Studies on the chemotherapeutic action of 
tlie sulfonamides on certain bacteria^ have 
shown tiiat p-aminobenzoic acid (PAB.‘\) and 
ptcroylglutamic acid (PG.-\) antagonize the 
inhibition of growth of these organisms by 
sulfonamide drugs. The demonstration of sul- 

' .Aided by n gr-mt from tlic XntionnI Foniid.n- 
tion for liifantilo Paralysis. 

I Sniior Fellow in flip Mpdieal .Sciences of tlie 
National Bciparcli Council. 


fadiazine (SD) inhibition of the growth 
of certain strains of psittacosis virus" suggests 
the likelihood that P.-\B.\ and PG.'\ might be 
active antagonists for this inhibitory effect of 
the sulfonamides. 

yolk sac passage strain of psittacosis 

1 dampen, .T. O., and .Tones! M. .T., .7. Biol. Chem., 
1947, 170, 133. 

= Early, R. E., and Morgan, 11. R., J. /mmiinot., 
194G, .W, 1.11. 
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Nutriton of the Mouse 


TABLE I. 

Suiiiniarr of Observations. 


Str.'tin 

CS7 



Sex 

Male 

Female 

Diet - ■ ' 

Stock lOl' 

Stock 

101 

No. of nniinnls 

14 S 

30 

11 

Acliromotrieliia (slight) 

2 1 



Alopecia (slight) 

4 

3 

o 

Skill ulceration 




Eye involvement 




Moist dermatitis 



o 

Massive fecal crusts 




ICo. of animals with tumors 




Avg time of onset — months 




Avg No. of litters born 


4.3 

2.7 

No. of deaths 




Fecal crusts 




' ‘ Tumors ’ ’ 




Incisor overgrowth 



1 

Avg wt when sacrificed — g 

28.2 30.3 

29.0 

26.8 


A 

Fcmnlc 

- -V f ^ 

Stock 101 Stock 101 

P 10 21 28 


1 2 
O 

6 

5 

4 


4 


o 

0 

1 
4 

o 

14 10 - 

11 % 10 
4.0 1.0 


4 5 


27.S 25.2 


oil 10%, salts S%, roughage 2%, 8 vitamins 
of the B complex (thiamine, niacin, pyri- 
doxine, riboflavin, pantothenate, choline, 
inositol, and p-aminobenzoic acid), cod liver 
oil concentrate, a-tocopherol, and Imoleic 
acid. The animals on synthetic rations were 
given various supplements during the repro- 
duction study;® these, however, were only 
administered for relatively brief time periods. 
Because of lack of space, it was necessary to 
sacrifice most of the animals when they were 
about a year old. 

Results. The pertinent observations made 
on these animals in the course of their e.xist- 
ence or at the end of the year period are sum- 
marized in Table I. Mice of the A strain 
maintained on synthetic diet showed numer- 
ous symptoms which they did not develop on 
the stock ration. Most of these changes were 
not observed in the C .-,7 strain maintained on 
either diet. The eye lesions consisted of in- 
flammation and denudation of the surround- 
ing skin. Occasionally a dried exudate was 
observ'ed in this area. Animals showing these 
conditions were usually hesitant to open their 
eves when disturbed. The moist dermatitis 
which was observed almost e.xclusively in the 
A strain on s}-nthetic diet was usually found 
below the chin and extended caudad for a 
distance of several centimeters. No hair was 
seen in the involved areas. Skin ulcerations, 
when present, were usually on the lateral body 


areas and on the legs. The formation . of 
massive fecal crusts over the anus was ob- 
served in 6 animals of the A strain on syn- 
thetic diet. This condition, which has always 
been fatal, has also been obsen'ed in the off- 
spring of the generation of mice reported here. 
We have seen this happen only in A strain 
mice on synthetic diets. It has even occurred 
in the animals subsisting on the most complete 
synthetic diets which we have studied. 

The causes of deaths in each group of ani- 
mals are arranged in the table in 4 classes. 
When the cause of death is described as 
“tumor,” we mean only that the animals in 
question had a sizable mammary tumor 
which could have been the cause of death. 
No extensive autopsies were performed on 
the dead animals. 

Discussion. We have not found under the 
conditions of our e.xperiments that the mouse 
requires a dietary' source of biotin or folic 
acid for early growth; nor have we obsen^ed 
any deficienc}’ symptoms during the early 
period of life as did Nielsen and Black.' A 
possible e.xplanation of this discrepancy maj- 
lie in the fact that Nielsen and Black carried 
out special alcohol extractions of their casein 
and sucrose, while we used commercial “\’ita- 
min-free” casein and dextrose C.P. wiUiout 
further treatment. Biotin assays on our diet 
101 showed it to contain less than one /ig of 
biotin per 100 g of ration. The fact that 
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Microbiological Determination of Apparent Free Methionine in the Blood 

of Children. 

Henry K. Silver.* (Introduced by D. M. Greenberg.) 


I’rojiv die Department of Pediatrics, University 

Few studies on the blood levels of meth- 
ionine, one of the amino acids indispensable 
for man, have been reported. By the use of the 
microbiological method of assay, Harper, 
Kinsell, and Barton,^ found that the mean 
fasting level of apparent free L-methionine in 
the plasma of 11 normal male adults, was 
0.85 ± 0.09t mg per 100 ml with a range 
from 0.46 to 1.48. However, there has been- 
no published information concerning the 
values in the newborn or older child. The 
purpose of this communication is to present 
the results of studies on the blood of ( 1 ) hos- 
pitalized “normal” children; (2) hospitalized 
children with various diseases; and (.3) on 
the blood of the umbilical cord at the time of 
delivery. 

Method. .Ml of the children were in a post- 
absorptive state. Blood samples from them 
were obtained from either the antccubital or 
jugular vein. The “normals" had been hos- 
pitalized for the correction of non-infectious 
orthopedic difficulties. In the case of the new- 
born infants, cord blood was taken from the 
maternal end of the umbilical cord as soon 
as possible after deliver^'. Heparin was used 
as the anticoagulant in each case. 

Proteins were removed from the plasma 
by heating and adding 5% acetic acid.’^ 
/.-methionine in the filtrates was determined 
microbiologically, with Lcucoiiosloc mesen- 
tcroidcs P-60 as the as.say organism.- One ml 
of tJie basal medium recommended by Harper 
ct al.^ was used in each determination; the 

* With the tcclmicnl .n'isi.st.nnco of Mrs. Tilly B. 
Lcalvc. 

1 H.arpor, II. A., Kinsell, L. W., and B.arton, 
IT. C., Hcicncc, 10-17, 100, 310. 

t Throuphont this paper the figures following 
the synilml “■±” refer to the .standard error of 
the mean. 

= Bunn, M. i?., Caniicn, M. X., Shankman, S.. ami 
Bloek. II., ,r. Iliol. Chrm., lO-Ifi, 103 . ,-,77. 


of California 3[cdical School, San irancisco. 

plasma filtrates were added at 3 different 
levels (0.4, 0.6, and 1.0 ml); and the final 
volume was adjusted to 2 ml. All tubes were 
incubated for 72 hours and acid production 
was determined by electrometric titration with 
NaOH. 

Restdts. The mean concentration of ap- 
parent free i-methionine in the plasma of 
“normal” children was 0.29 ±: 0.02 mg per 
100 ml of plasma. The range was from 0.19 
to 0,47. The results are plotted in Fig. lA. 
The difference between these levels and those 
found by Harper et al. in normal adult males 
with the same method of assay is statistically 
significant. Thirty-three hospitalized children, 
who were suffering from various diseases, 
had plasma methionine levels w'hich were in 
the same range as those of the “normal” chil- 
dren. The mean was 0.42 ± 0.05 mg per 
100 ml of plasma with a high of 1.07 and a 
low of 0.08 (Fig. IB). At the time of testing, 
many of the children were convalescing, but 
there was no significant difference between 
their levels and those of the acutely ill ones. 

Of 30 umbilical cord bloods tested, the 
mean level was 0.86 d: 0.04 mg per 100 ml 
of plasma (Fig. 1C). These results were in 
the same range as those found in adult males 
and were more than 3 times as high as those in 
“normal” children or those who had been ill. 

Discussion. The foregoing data indicate 
that the plasma levels of apparent free L- 
methionine in the blood in the umbilical cord 
at birtli is approximately the same as the 
fasting level reported for adult males. 

At least two factors may operate to account 
for the lower plasma levels found in the chil- 
dren: (1) The main need for protein in the 
adult is to repair ixxly tissue. The growing 
child needs an additional supply for growth 
and for the formation of new tissue. The in- 
creased demands in the child may lead to a 
greater rate of disappearance of essential 
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Sulfonamide Action on Psittacosis Virus 


virus (6BC) was employed using the same 
experimental techniques previousl}' described- 
for the determination of the effect of SD on 
the growth of the virus. PABA and PGA 
were prepared as sterile solutions of their 
sodium salts in distilled water. These solutions 
were mixed iidth the proper amounts of a 
sterile solution of sodium sulfadiazine just 
before injection in 0.25 ml amounts into the 
yolk sac of 7-day-old embrymnated eggs. This 
was followed in hour by the injection of a 
yolk sac suspension of psittacosis virus diluted 
to contain 10,000 LDno in 0.25 ml. The doses 
of the various compounds are recorded in 
weights of PABA, PGA and SD. 

Preliminary' experiments have indicated 
that the minimal amounts of the two com- 
pounds required to antagonize the inhibitory 
effect of 2.5 mg SD on the growth of the 
virus was 0.005 mg PABA and 0.05 mg PGA. 
Following the establishment of these relation- 
ships, a series of e.xperiments was carried 
out to determine the amounts of the 2 in- 
hibitors required to antagonize the action of 
larger amounts of SD. Representative results 
are presented in Table I, using amounts of 
PABA and PGA twice and ten times the 
minimal doses noted above. 

There is a direct relationship between the 
amount of SD used and the amount of PABA 
required to antagonize its inhibitory' action. 
This suggests a competitive inhibition of the 
action of SD. In contrast, a given dose of 
PGA is demonstrated to be actively antag- 
onistic for increasingly larger doses of SD 
which suggests a noncompetitive antagonism. 
These data suggest that, as is the case with 
certain bacteria which sy'nthesize PGA,^ the 
primary action of SD on psittacosis virus is 
directed against the incorporation of PABA 
into PGA by the virus because of the direct 
relationship between the amount of PABA 
required to antagonize a given amount of 
SD. When PGA is supplied, even large doses 
of SD fail to inhibit the growth of the virus. 
These findings suggest that psittacosis virus 


T^VBLE I. 

Antagonism of Sulf/idi.izine Inhibition of Psitta. 
cosis Virus by ;)-Aminobenzoic Acid and Ptcroyb 
giutaniie Acid. 

Inhibitor % surrived 

SD, nig agent, mg No. eggs 10 d.nys* 


0.U 

3 

3 

10 

25 

50 

0.5 

2 

5 

10 

25 

50 

0.5 

2 

5 

10 

25 

50 

0.5 

2 

5 

10 

25 

50 

0.5 

5 


50 


PABA .01 


PABA .05 


PGA .1 


PGA 


PABA 

PGA 


5.0 

10.0 

Drug 


PABA 

PGA 


10 


8 

C 

19 

13 

6 


8 

S 

18 

11 

4 


8 

6 

1C 

11 

8 

S 

7 

7 

20 

10 

7 

IG 

24 

S 

10 

1C 

Controls.! 

8 

20 

19 


* 10,000 LD -,0 injected into ench egg. 
t Not infected. 


0 

0 

0 

47 

85 

100 

0 

0 

0 

0 

8 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

82 

9C 

0 

0 

0 

85 

95 

95 


(6BC strain) synthesizes PGA and that this 
vitamin is required for its growth. Studies 
are now undera'ay to elucidate this possible 
metabolic activity of the virus. 

Summary. The chemotherapeutic action of 
sulfadiazine on psittacosis virus (strain 6BC) 
is antagonized competitively by p-aminoben- 
zoic acid and noncompetitively' by pteroyl- 
glutamic acid. The implications of these find- 
ings with regard to the metabolic activities of 
this virus are discussed. 
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Sarcomas Induced in Rats by Implanting Cellophane. 


B. S. Oppenheimer, Enid T. Oppenheimer, and A. P. Stout. 

From iUe Department of Cancer Research and the Department of SuTgerp, College of 
Physicians and Surgeons, Columhia Vniversity, New Tori;. 


In the course of e.xperiments performed on 
rats to produce hjTpertension by ^Tapping 
regenerated cellulose film (cellophane) 
around one kidney, the accidental observation 
was made that several rats developed sar- 
comas in the neighborhood of the cellophane. 
As it was known that spontaneous sarcomas 
are a rarity in this Sherman strain of albino 
rats it was decided to investigate this ques- 
tion as an independent problem. 

Method. The cellophane employed was 
regenerated cellulose film, the particular 
sample used throughout these experiments 
being known as Visking H.S. (“high- 
stretch”) cellulose sausage casing. Two 
strains of albino rats were used, the Sherman 
and the Wistar. The rats were fed on a 
mixture of Purina Laboratory Chow and 
Rockland Rat Diet in pellet form. 

Cellophane was introduced by two methods 
into no male rats, S to 10 months old. In 
55 of these, the left kidne}' was loosely 
wrapped with cellophane according to the 
familiar method introduced by Page.^'- In 
the other 55 rats, a piece of cellophane 2-3 
cm square was embedded subcutaneously in 
the abdominal wall, with a catgut suture 
passed through the corners to keep the film 
flat. At frequent internals the site of the 
cellophane was palpated by an experienced 
tedmician to ascertain if any growth had 
started. The tumors were usually allowed to 
grow to a large size (2-5.5 cm in diameter) 
iiefore the rats were sacrificed for histological 
examination. 

Wherever possible, transplants were made 
from each tumor into 8-16 rats, usually males 
(but in some instances females), 6-S months 
of age. A total of 422 rats were used for this 

> r.igc, I. It., Seienee, 1030, RU, 273. 

" Grncf, I,, anti Pngp, I. It., .Im, ,r. rath., 10-10. 
10 , 211 . 


purpose, transplantation being carried out in 
some instances to the third, fourth and even 
fifth generation. Transplants were made by 
inoculating fragments of tumor tissue (0.003 
to 0.006 g) subcutaneously into the anterior 
abdominal wall by means of a hollow plati- 
num-iridium needle. 

Results. As in the original accidental ob- 
servation, a number of tumors were induced at 
the site of insertion of the cellophane. jNIore 
than 11 months were required for their devel- 
opment. In the perirenal series the shortest 
time taken for the production of a tumor was 
362 days from the date of wrapping to the 
development of a tumor 8 mm in diameter, 
whereas in the subcutaneous series the short- 
est period for development was 471 days. 

Consequently, those rats tliat died from 
other causes within 1 1 months from the date 
of cellophane insertion were excluded al- 
together from the statistics, since they did 
not live long enough to develop induced 
tumors. 

•Among the rats with wrapped kidneys only 
23 survived over II months, and of tliese 8 
(54.89o) developed large well-defined tumors. 
Of the 55 rats in which the cellophane was 
embedded subcutaneously 42 surxived beyond 
11 months, and of these 15 (35.7%) pre- 
sented tumors. The diagnosis of all these 
tumors was confirmed by microscopic exam- 
ination. 

The tumors resulting from transiilantation 
appeared after 7 to 175 days. A total of 199 
tumors were produced by transplantation 
from the primarily induced tumors, but this 
includes 126 instances in which well-definctl 
growths subsequently receded, making micro- 
scopic examination impossible. 

Types oi Tumor. Of the 23 primarily in- 
duced tumors there were 1 7 fibrosarcomas, 2 
liposarcomas, one Thabdomvosarcoma. one 
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IMethionine in Blood of Children 


I 


! 



NORM/^l_ CHILDREN 


SICK CHILDREN 


C 


lO 



o o!i 0.4 0.5 oe 0.7 o.s o .9 1,0 1.1 i.e 1.3 


L- METHIONINE mg/lOOcc Plasma. 

Fig. 1. 

Apparent free i-metliionine in plasma: (A) in hospitalized "normal” children; (B) in 
hospitalized children ndth various diseases; (C) in the blood in the umbilical cord at the time 
of delivery. The levels reported for normal adult males are 0.85 ± 0.09 me per 100 ml of 
plasma. 


amino acids from the blood. Hence, when an 
amino acid is determined in the plasma after 
a fasting period of 14-16 hours, less may be 
found in the child than in the adult. (2) A 
difference in the absorptive capacity of chil- 
dren and adults might play some part in 
making plasma levels of the former lower, but 
this seems unlikely. Preliminaiy tests in this 
laboratory, involving analysis of the blood 
of previously fasted subjects after the in- 
gestion of O.I gm of methionine per kg of 
body weight, have shown that the amount of 
methionine absorbed in children appro.ximates 
that found in adults. 


Conclusion. The concentration of apparent 
free A-methionine in the plasma of children 
is significantly lower than has been recorded 
in the literature for adult male subjects. The 
plasma of the blood in the umbilical cord 
at the time of delivery contains, on the aver- 
age, the same amount of Z-methionine as is 
recorded for adult males, and more than 
three times as much as is present in the 
plasma of “normar" children. 

Sincere thanks are expressed to Doctor Harold 
Harper, University of San Francisco, for ticlpfut 
suggestions. 
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TABLE I. 

Data for Several Cliaraeteristics of Gastric Pouch Mucus. 
(Stimuli: aqueous emulsions of clove oil and ciigeiiol.) 

Stimuli 


r" ' '■ ■ ■■ ' 

Eugenol 




r 

Low 

concentration 

(%-%%) 

Intermediate 

concentration 

(1-2%.) 

High 

concentration 

(5%) 

Clove oil, 
(6%) 

A’^olunic per r.vpcr. Mean 

1.7 

4.1 

6.4 


2.9 


St.aiul. Dev. 

1.8!) 

3.70 

3.15 


1.19 


No. of exper. 

13 

21 

65 


9 

pH 

Ranjio 

4.3i>'8.(>0 

4,rfl-S,S7 

7.53-9.22 


-.28-8.47 


Mean 

7.G9 

8.03 

8.51 


8.10 


Stand. Dev. 

1.03 

0.57 

0.44 


0.27 


No. of spcoiniens 

42 

105 

108 


27 

Coii.sistciicY 

No. (%) Viscous 

"O (04.4%) 

64 (59.8%) 

92 (64.8%) 

27 

(96.4%) 


of Fluid 

14 (31.1%) 

30 (28.0%) 

32 (22.5%) 

1 

( 3.6%) 


specimens Mixed 

2 ( 4.4%) 

13 (12.1%) 

18 (12.T7£>) 

0 

( 0.0%) 


Tot.al 

45 

107 

142 

28 


Opacity 

No. (%) Opaque 

26 (59.1%) 

54 (5G,3%) 

104 (81.9%) 

26 

(96.3%) 


of *Non-op;ique 

18 (40.9%-) 

42 (43.7v%) 

23 (18.1%) 

1 

( 3.7%) 


specimens Total 

44 

96 

127 

27 


Oninmnar 

No. (%) Many 

28 (68.3%) 

76 (72.4%) 

35 (83.3%) 

19 

(05.0%,) 

Ccll.s 

of tFo:v 

13 (31.7%) 

29 (27.6%) 

7 (10.7%) 

1 

( 5.0%) 


apeciinens Total 

41 

103 

42 

2t> 



• Non-opaque •= transparent or tranalneent. 
t Few cells = none or a small mimhor of veils jier field. 


to that secreted spontaneously in the same 
period of time. 

The one disadvantage in the use of clove 
oil as a standard stimulus arises from its 
being a mixture of several chemical com- 
pounds in variable proportions, rather than a 
single chemical individual. However, the chief 
component of this essential oil is eugenol 
(4-allyl-2-metho.\y phenol) which comprises 
82-87% of the mixture. Hence, it seemed that 
this compound may be responsible for a major 
part of the mucus-stimulating action of the 
clove oil, and, therefore, better suited for use 
as a standard mucus stimulus. We have in- 
vestigated Uie secretory response of the gastric 
mucosa to topical application of aqueous 
emulsions of^ pure eugenol, and the results are 
presented in tliis report. 

Procedure. The experimental technique was 
the same as that used previously for studying 
the action of clove oil and the other stimuli.” 
The eugenol emulsions were prepared in con- 
centrations ranging from to 5%. .Acacia 
(5%) was usckI a.s an emulsion stabilizer in 


the earlier e.vperiments; later this was re- 
placed by Tergitol Penetrant-4 (1/40%) 
with equally good results.^ Control experi- 
ments with these substances alone showed 
that they exert no mucus-stimulating action 
at these concentrations: tlie fluid obtained 
after their application was the same as .spon- 
taneously secreted mucus in appearance and 
rate of formation. .As in our previous work, 
the eugenol stimulus was administered only 
after the pH of the control (pre-stimulation) 
specimens had risen above 6.0. In general, 
collection of the stimulated specimens was 
continued until the rate of secretion fell to 
its control value. The pH’s were determined 
clectrometrically, with a glass electrode, and 
were reproducible to ±0.02 of a unit. ,A 
total of 99 e.\periments (/.c., stimulations) was 
performetl with eugenol emulsions, using 9 
dogs with Heidenhain pouches. 

fTvruitol Ponotniiits werv J;i,i,Pv .sijppJic,} tjv 
tlie Carbi.lv an.I Carban Clivanrals C-orn.. Now 
A'ork City. 
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undifferentiated sarcoma, one osteogenic sar- 
coma and one plasmocytoma. INIetastases oc- 
curred in 3 instances. Among the tumors de- 
rived by transplantation there were 63 
fibrosarcomas, and a few other miscellaneous 
growths. Variation in differentiation and 
growth rate was noted in different generations. 

Discussion. We have arrived at no con- 
clusion as to the nature of the carcinogenic 
agent in these experiments. Attention is 
called to the fact that the procedure described 
is one of the simplest known for the produc- 
tion of sarcomas. In this connection the pro- 
duction of rat sarcomas by Turner^ by em- 
bedding disks of bakelite (phenobformalde- 
hyde) is of interest. 

In the course of certain surgical procedures, 
cellophane has been used as a covering or 
sheath,^ and left in the human body. We are 
not acquainted with any reports of the devel- 


opment of sarcoma in man subsequent to its 
use, but this possibilit}'- should not be for- 
gotten. 

Conclusions. 1. Sarcomas were induced in 
albino rats by the insertion of regenerated 
cellulose film either subcutaneously or by 
wrapping it around one kidne 3 ". 

2. These tumors occurred in about 35% 
of the rats surviving the operation more than 
11 months. 

3. The tumors were transplantable. 

4. This is a simple method for inducing sar- 
comas e.xperimentally. 

5. The foregoing results in rats should be 
taken into consideration in the surgical use 
of cellophane in man. 

3 Turner, F. C., J. Nat. Cancer Inst., 1941, 2, SI. 

■< Ingraham, F. D., Alexander, E., Jr., and Mat- 
son, D. D., Nav jEng. J. iTctl., 1947, 230, 403. 
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Eugenol as a Stimulus for Gastric Mucous Secretion*!* 
Franklin Hollander and Frances U. Lauber. 

From the Gastroenterology Fesearcli Lahoratory, The Mount Sinai Hospital, New Tort; City. 


In the course of investigations in this 
laboratory on the characteristics of gastric 
mucus, various tj^pes of stimulation have 
been studied. These included subcutaneous 
injection of pilocarpine, gentle mucosal mas- 
sage, and topical application of a number of 
aqueous solutions and emulsions including 
ether (saturated), ethyl alcohol (50%), iso- 
tonic NaCl (0.17 N), h 3 q)ertonic NaCl (0.5 
N), clove oil (5%), mustard oil (1%), and 

* A preliminary report of this work was trans- 
mitted to the XAMI International Physiological 
Congress (Hollander, F., and Lauber, F. U., Com- 
munications XVn Internal. Physiol. Cong., 1947, 
p. 155). 

t Tills investigation was conducted with tlic aid 
of grants from the Altman Foundation, and 
Wyeth, Inc. 

tTlic .authors wish to express tlieir thanks to 
Hr. Sopliya Lazard for conducting some of the 
experiments. 


distilled water.*’-’® Among the several ob- 
jectives of these investigations was the dis- 
covery of a mucus-stimulating agent which 
induces no parietal secretion and therefore 
might be adopted as a standard stimulus for 
further work on the ph 3 rsiology of mucus 
secretion. Of the nine stimuli already studied, 
the 5% clove oil-water emulsion was clearly 
the most suitable for the purpose, as evi- 
denced bi’’ the following characteristics of 
specimens obtained after a single application 
of this agent: (a) high viscosit)", (b) high 
pH,* and (c) a large total volume relative 

1 Holl.nndcr, F., Lauber, F. U., and Stein, .1, .1., 
Am. J. Physiol., 1947, l-»0, 724. 

2 Hollander, F., and .Stein, J. •!., -Im. J. Physiol., 
1943, 140, 136. 

3 Hollander, F., Stein, J. .1., and Lauber, F. U., 
Gastroenterology, 1940, 0, 576. 

^ Hollander, F.. /. Not. Cancer Inst.. 1013, ti, 
367. 
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eugenol, and eugenol acetyl salicylate,® and 
it is possible that some of these substances are 
particularly potent as desquamating agents, 
even in small quantities. 

Summary. The characteristics of gastric 
mucous secretion, stimulated by topical ap- 
plication of aqueous eugenol emulsion in 
several concentrations, have been investigated 
on 9 Heidenhain pouch dogs. A 5% emulsion 
of clove oil, which had previously been found 
to be superior to all other mucus stimuli, was 
used as a basis of reference for determining 
the secretory value of eugenol. It was found 
that 5% eugenol yields larger volumes of 
secretion, with a higher pH, than the clove 
oil. The percentages of specimens possessing 
high viscosity, opacity, and columnar cell con- 
tent are lower for the eugenol than for the 
clove oil. Since we have already cited reasons® 
for believing that pure gastric mucus is trans- 

c Wood, H. C., Jr., .and Osol, A., The Dispensa- 
tory of the United States of America, S.S® cd., 
PhiladolpJiia, 1943. 


parent, cell-free, and of variable consist enc}--, 
it may'^ be that the secretion yielded by eugenol 
differs less from pure mucus than does the 
fluid obtained with clove oil. 

Five per cent eugenol emulsion is the most 
effective stimulus to mucus secretion which 
we have found to date — especially since it 
yields larger volumes of mucus which tend 
to have a higher pH than those induced by 
any of the other stimuli. The latter character- 
istic indicates also that eugenol has virtually 
no stimulating effect on the parietal cells. 
Furthermore, this substance is a pure com- 
pound, the major component of clove oil, 
whereas the latter is a mixture of at least 7 
different chemical substances. Since the minor 
components of the essential oil may also 
exert some physiological effect on the mucosa, 
their absence from the pure eugenol enhances 
its value as a standard. Hence, we propose to 
adopt an aqueous emulsion of eugenol as a 
standard stimulating agent for further work 
on the physiology of gastric mucous secretion. 
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The Influence of Coramine on the Liver of the Young Rat. 

Fred G. Brazda and Roland A. Coulson. 

(With the technical assistance of Lucy C. Gremillion.) 

/’r07fi the Department of Biochemistry, Louisiana State University School of Medicine, Xcw 

Orleans. La. 


Coramine (nikethamide) is a compound 
which provokes a number of different phar- 
macological actions. It is capable of curing 
black tongue in dogs by virtue of its close 
structural relationship to nicotinamide;^ it 
is often employed as a medullary stimulant; 
and it has a pronounced ability to increase 
the liver weight of young rats.® Coulson and 
Brazda®-"' have presented evidence which in- 

1 Smitli, D. T., Margolis, G., and Margolis, L. II., 
J. rharm.. 1940. 08. d.tS. 

- Coulson, P. A., and IJrarda, P, G., I’lsoc. Soc. 
Kxr. liioK Axn Mm.. 1947, (LI, i. 

3 Brar.da, K. G.. and Coulson, K. A., rnor. Soc. 
Exr. Bioi.. .\Ni> Mm., 1949, C2. 19. 


dicates that the unsubstituted nitrogen of the 
heterocylic ring and the di-ethyl substitution 
of the amido nitrogen are both in part re- 
spxmsible for the lii'er enlargement which 
follows the administration of the compound. 

In preliminary' e.\periments the absolute 
liver weight increase caused by coramine by 
the end of a 2S-day period could not be pre- 
vented by the inclusion of 1.2% methionine 
or 0.5% choline in the diet.- This weight 
increase suggested that the liver cells were 
being injured by the coramine and that this 
was followed by the very' rapid regeneration 
which IS seen in many types of liver injury'. 
It was deemed desirable to design experiments 
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Results. The data on characteristics of 
mucus specimens obtained after eugenol and 
5% clove oil emulsions are presented in Table 
I. Because of the small frequencies in some 
of the groups of data, the values for and 
eugenol were combined into a single 
group designated “low concentration,” and 
those for 1 and l^o into an “intermediate 
concentration” group. The resulting increase 
in the number of specimens in each group 
augments the chance of obtaining a signifi- 
cant statistical evaluation of the observations. 
The frequency of the 5% eugenol data being 
large, these were retained alone as the “high 
concentration” group. 

Total volume of mucus secreted in response 
to a single application of stimulus. The mean 
volume of secretion per experiment increases 
with the concentration of eugenol in the 
stimulus, from 1.7 ml for the “low concentra- 
tion” group to 6.4 ml for the “high concen- 
tration.” This latter value, for the 5% eugenol 
concentration, is significantly greater!! than 
that for 5% clove oil (2.9 ml per experiment). 
The datum for 1-2% eugenol (“intermediate” 
group) is also greater than that for 5% clove 
oil but the difference is not significant. 

pH. As shown in Table I, the mean pH of 
eugenol-stimulated specimens increases with 
increasing concentration of the stimulus, the 
differences between the several groups being 
significant at or below the 1% level of prob- 
ability .11 Corresponding to this, there is an 
elevation of both the upper and lower limits 
of the range, but the data become increasingly 
homogeneous, as evidenced by a decrease in 
•the range itself and in the standard deviation. 
The mean pH for 5% clove oil is significantly 
lower** than that of eugenol of the same 
concentration but is essentially the same as 
that for 1-2% eugenol. Since the 5% eugenol 
emulsion gives a higher mean pH and a lower 
standard deviation than any of the other 

II This difference is signific.nnt at tlie 1% lerel 
of probability; t =; 3.3, n = 72, P =: 0.18%. 

H The difference between tlie niean-pH's for the 
low and intermediate concentrations gave the foh 
lowing statistics in the t-tcst: t r= 2.0, n = 145, 
p _ 1 %. For the intermediate and high concen- 
tration groups, t =: 0.9, n = 211, P < 0.01%. 

♦* t = 4.8, n = 133, P < 0.01%. 


stimuli which we have previously studied,® 
it is the most effective agent encountered to 
, date for evoking an alkaline response from 
' the stomach.. 

Consistency, opacity, and columnar cell 
content. Qualitativ'ely, these physical char- 
acteristics of mucus were essentially the same 
for eugenol as for all the other topical stimuli, 
except mustard oil emulsion. Some of the 
specimens were distinctly fluid; others jelty- 
like or of intermediate viscosity. Some were 
transparent or translucent; others opaque. 
Some were cell-free or contained only cellular 
detritus; others contained many columnar 
cells — singly, or in ranks and clumps. In 
microscopic appearance, after being stained 
with toluidine blue, the eugenol-mucus smears 
were indistinguishable from those of clove 
oil-mucus. Numerically, the percentage inci- 
dences for the three categories of consistenc}^ 
shown in Table I are essentially the same for 
all 3 concentrations of eugenol; clove oil, 
however, gives a markedly higher percentage 
of viscous specimens. For opacity, the per- 
centages of opaque specimens in the low and 
intermediate concentration groups are almost 
identical; whereas the value for 5% eugenol 
is considerably higher than these, and that 
for clove oil even greater. H The values for 
columnar cell content show this same trend, 
although the differences are not significant 
statistically by the x^-test (P>1%). 

The consistently higher position of clove 
oil over eugenol, in regard to all three of 
these physical characteristics, is probably the 
result of the action of one or more compounds 
in the essential oil other than eugenol. In ad- 
dition to the latter, clove oil contains vanillin, 
methyl alcohol, furfural, caryophyilene, acetid 

5 nollandcr, P., Lauber, P. TJ., and Stein. .T. J., 
in preparation. 

It These differences in relative frequencies are 
statistically significant at the 1% level of prob- 
ability, as shown by the ;^--test. For the first of 
these — with categories of opaque and non-opaque 
specimens, and *‘high” and '^intermediate*' con- 
centrations of ougenol^ — x“ ~ n = 1, 

P < 0.01%. For the second— with categories of 
opaque and non-opaque speciincns, and clove 
oil and "intermediate** eoneentration.s of 
eugenol — z=. 14. S, n 1, P = 0.01%. 
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TABI/E n. 

The Influence of tbe Ingestion of Coramine on tlie Liver Glycogen of Toung Eats. 

Liver wt as % ■body vrt % liver glycogen 


/■ ■ — ^ i ■ — \ 


Group 

No. rats 

Range 

Avg 

Eango 

Avg 

Control 

11 

3.C3-0.27 

4.42 - 1 - 0.09 

1.40-3.75 

3.09 It 0.13 

1 % coramine 

12 

3.S6-7,C6 

C.S1 ± 0.11 

l.GG-3.28 

2.39 it 0.09 


in amounts calculated to be far in excess of 
any normal requirements. Methionine in such 
a massive dose caused a considerable decrease 
in the growth rate and choline provoked a 
slight decrease (Table I). In each case the 
growth rate was in proportion to the food 
consumed. The comparatively high protein 
diet supplemented with methionine or choline 
was chosen in an attempt to provide dietary' 
conditions such as to minimize any liver 
damage. 

The increase in liver weight occurred in 
surprisingly short time and the livers re- 
mained larger than in the controls for the full 
28'day period in all of the three e.xperimental 
groups (Table I). There was a gradual decline 
in liver wt/body wt ratio in the last 2 weeks 
in all 3 groups. It is evident that neither 
choline nor methionine is capable of modify- 
ing the increase in the liver wt/body wt ratio 
caused by coramine. The slight differences 
noted in the three groups may be e.vplained 
by the decreased fat content in the groups 
receiving choline or methionine. 

Those rats which received coramine had 
livers which showed some elevation in the 
fat content as early as 5 days (Table I) and 
continued to show roughly a constant level 
of fat for the full 2S-day period. Botli choline 
and metliionine reduced the fat content of 
the liver to a level significantly below that of 
the coramine rats but slightly above that of 
the controls. The solid content of the livers 
was the same in all 4 groups. This becomes 
evident if one subtracts the exxess fat in the 
coramine series prior to calculation. The 
absolute increase in liver weight must be due 
to an increase in both solids and water in 
the same proportion as that found for the 
control series. 

Since the increase in liver weight was not 
due to a disproportionate increase in water 
or fat, experiments were devised to determine 


whether this might be due to glycogen. Eleven 
rats, 7 females and 4 males, were placed on 
the control diet. Twelve rats, 7 females and 
5 males, were placed on the 1% coramine 
diet, the end of 6 daj'S both groups of rats 
were killed and the liver gl 3 -cogen was deter- 
mined by the method of Good, Kramer and 
Somogyi.^ It was decided that a longer period 
was unnecessary (Table I). The results appear 
in Table II. 


It is evident that the ghxogen content of 
the livers taken from the coramine treated 
rats, although somewhat lower, was not se- 
riously different from that of the control rats. 
Glycogen storage was not responsible for the 
liver enlargement. The increase in liver weight 
in the glycogen series was less marked than 
in the series reported in Table I. This dis- 
crepancy may possibly be e.vpiained by the 
fact that tliis experiment was conducted" dur- 
ing the hottest time of the year. The general 
phenomenon of significant liver enlargement, 
however, is still apparent. 


Microscopic examination showed that the 
livers from rats receiving coramine had intra- 
cellular fat globules. Close correlation existed 
between the histological picture and the 
gravimetric anaK'sis for fat. A prominent 
feature of the liver parenchjTna was the large 
number of mitoses and binudeate cells. There 
was a slight increase of interlobular con- 
nective tissue in the livers of the e.xpcri- 
mental animals. .Aside from the significant 
decrease in fat in the livers of rats receiving 
coramine plus choline or methionine no other 
effects due to these lipotropic agents were 
obserx’cd. Livers from rats after the 2S-dar’ 
experimental period were little different from 
those of the 5-day groups. 

Discussion In spite of the fact that cora- 

Good, C. A., Kr.inier, H., ai .,1 .Somog^-i, .M 
J. BioJ. C/irm., 1933 , 100 . 4S5. 
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TABIiE I 

Effect of the Oral Administration of Choline or Methionine to Young Bats nn .1 1% Cor.-.minc Dict.f 


No. Bat Liver wt Liver 

days final -wt -n et dry 


Liver wt 
as % body Art 


Lii-er fat, 
% wet wt 


Lh-er fat, 
% dry wt 


Liver, Gain in wt, 
% solids g/day 


5 

63.9 

3.05 

0.97 

4.80 ± 0.10* 

4.83 ± 0.21 

9 

70.0 

3.36 

1.06 

4.78 zt 0.09 

4.22 ± 0.12 

14 

19 

99.7 

122.4 

4.78 

5.59 

1.54 

1.74 

4.79 ± 0.09 

4.56 ± 0.10 

4.01 ± 0.27 
3.52 -I- 0.21 

24 

132.4 

6.10 

1.96 

4.60 ± 0.08 

4.09 -+- 0.14 

28 

152.9 

6.56 

2.08 

4.27 ± 0.09 

4.27 ± 0.07 





1% Coramine. 

5 

9 

52.2 

4.32 

1.49 

8.31 -t- 0.12 

6.72 ± 0.54 

66.4 

5.81 

1.89 

8.76 ± 0.19 

7.6G -f- 0.42 

14 

83.8 

6.87 

2.38 

8.25 ± 0.18 

8.62 0.50 

19 

97.6 

7.04 

2.44 

7.31 ± 0.25 

7.88 ± 0.39 

24 

106.4 

7.S5 

2.70 

7.38 ± 0.14 

8.22 ± 0.71 

28 

119.3 

8.35 

2.93 

6.98 ± 0.17 

8.60 ± 0.19 


15.11 

13.38 

12.41 

11.19 
12.94 
13.47 

19.82 

23.33 

25.19 
22.55 
23.29 
24.17 


32.23 

31.47 

32.10 

31.4G 

31.93 

31.C9 

34.14 

32.53 

34.33 

34.69 

34.58 


+3.47 

+3.30 

+3.93 

+4.03 

+3.56 

+3.85 

+1.50 

+2.56 

+2.70 

+2.71 

+2.70 


5 

39.1 

3.09 

1% Coramine ~+ 2.4% Methionine. 
0.94 7.94 ± 0.27 4.59 -r- 0.19 

15.06 

30.45 

—0.40 

9 

47.8 

3.81 

1.21 

7.95 0.14 

5.19 ± 0.16 

16.32 

31.75 

+0.26 

14 

63.1 

5.32 

1.80 

8.33 ± 0.28 

6.89 0.87 

20.89 

33.48 

+1.13 

19 

72.0 

5.84 

1.84 

7.92 ± 0.17 

5.40 rt 0.31 

16.63 

32.41 

+1.41 

■24 

84.7 

6.22 

2.04 

7.44 :± 0.19 

6.26 -I- 0.52 

18.88 

32.45 

-bl.G2 

28 

80.3 

5.79 

1.90 

7.21 ± 0.10 

5.49 ± 0.34 

16.51 

32.94 

+1.34 

5 

40.1 

3.37 

1.04 

1% Coramine + 0.5% Clioline. 

8.52 ± 0.21 3.98 0.18 

12.85 

30.72 

+0.76 

9 

53.9 

4.00 

1.36 

7.59 ± 0.21 

6.68 0.42 

19.76 

33.16 

+1.95 

14 

75.3 

5.53 

1.81 

7.37 ± 0.24 

6.17 ± 0.65 

18.49 

32.40 

+2.53 

19 

82.9 

5.92 

1.85 

7.16 ± 0.16 

4.74 ± 0.18 

15.33 

30.89 

+2.39 

24 

95.2 

6.26 

1.98 

6.55 ± 0.19 

4.58 ± 0.23 

14.27 

31.62 

+2.42 

28 

109.0 

7.32 

2.41 

6.66 ± 0.13 

4.52 ± 0.23 

13.66 

32.84 

+2.55 


* P.E. = d: 0.6745 V - , . 

n (n — 1) 

t Each figure in the table represents the average value obtained from 5 males and 5 females. 


which would give some information on the 
nature of the increase in liver weight and 
Avhich would help to e.xplain the action of 
the compound. 

Experimental. To determine the rate of the 
liver weight increase 4 groups containing 60 
rats each were placed on a diet which con- 
sisted of 25% casein, 55% starch, 15% 
cottonseed oil and 5% salts.^ Each rat also 
received a daily dose of one ml of Brewer s 
j'east extract (equivalent to one g of dried 
yeast) and one drop of Percomorph oil a 
Aveek. The rats, weighing 35-45 g, Avere an 
inbred mixture of the Sprague-Dawley and 
Illinois strains. Coramine* was mixed into 
the diet at a level of 1% for all groups oscept 
the controls. One group received an additional 

■JHaAvk, P- B., and Oscr, B. L., Science, 1931, 

74, 309. , 

. The commercial product in 25% solution Avas 

used. 


supplement of methionine at a level of 2.4% 
of the diet and one the equivalent of a 0.5% 
choline supplement in the form of choline 
chloride. At intervals of 5, 9, 14, 19, 24, and 
28 days, 5 male and 5 female rats, each from 
a different litter, were killed out of each of 
the 4 groups. The livers were weighed, the 
fat and AA'ater contents were determined by 
analy'sis and a specimen AA’as saved for the 
preparation of histological sections. These 
AA'ere stained by the routine hemato.xj'lin-eosin 
method. The water content was determined by 
drying the livers to constant Aveight in a 
vacuum desiccator over concentrated sulfuric 
acid at about 30 mm Hg pressure. The dried 
liA'ers AA'ere then used for the determination 
of the fat (total lipid) content. The)' AA-ere 
e.xtracted tAA'ice AAOth hot alcohol, four times 
AA'ith an alcohol-ether mixture and ten times 
AA'ith ether. The solvents AA-ere CA-aporated and 
the fat Avas determined gravimetrically. 

Both choline and methionine were added 
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within 24 hours, even in the presence of large 
amounts of dialysed embryo extract containing 
embryonin as a growth promoting factor.® 
Evidently some low molecular weight sub- 
stances essential for the metabolism of 
tissue cells have been removed by the dialysis. 
The action of these diffusible substances dif- 
fers from the action of embryonin, for the 
diffusible factors are able to maintain the cells 
in good condition, though in the absence of 
embryonin no growth is obtained. Embryonin, 
on the other hand, acts only in the presence of 
the diffusible substances; it does not maintain 
the cells in dialysed media. For this reason, 
we call embryonin a growth promoting factor, 
while for the diffusible substances of low 
molecular weight we use the term accessory 
growth factors. These two terms are used 
throughout in order to distinguish between the 
two types of substances and between their 
different modes of action. 

Preparations of accessory growth factors 
that induce the growth of tissue cells placed in 
dialysed media (containing embryonin) have 
been obtained from blood, serum, kidney, 
heart, yeast, and barley malt.® The partial 
purification of malt extracts’ showed that it 
is possible to remove considerable quantities 
of inactive material from these mixtures 
without any significant interference with the 
biological properties of the extract, which sug- 
gests that only a few of the substances present 
may be responsible for its action on tissue 
cells. Recently, we were able, by a treatment 
with living bakers' yeast, to remove from such 
an extract all the fermentable carbohydrates. 
\\'ith this product, we were able to show the 
importance of glucose, mannose, and fructose 
in cell metabolism.® The further purification 
was only partially successful, but from the 
diffusible substances present in calf embryo 

r> l^isclier, A., .Icfa P/i.vsio;. Sramh, I043, U, 143. 

« Fischer, A., niid .tstriip, T,, P/luflirs Arch., 
1912, 033; Astrup, T., Fischer, A., .ind 

Volkcrt, M., Aetn Phyaiol. Scanil., 191.". I). 134. 

• Astrup, T., and Fischer, A., Ada Plni.iioi. 
Scamh, 1943, 1), 1S3; 1940, II, 1S7. 

S Astrup, T., Fischer, .and Oehlonschliiger. V., 
Acta Phiinnl. Scaail., 1947, l;{, 207. 

» Astrup, T., Fischer, A., Khrensv-ird, G., and 
Ochlenschliiger, V., Ada Phi/itinl. Scaiid., in pros*. 


muscle we obtained very potent preparations.® 

Accessory Growth Stibstanccs in Dialysates 
from Embryo Juice. In these experiments, 
the test material consisted of chicken heart 
fibroblasts cultivated for 5-8 passages in the 
usual manner before being placed in the 
dialysed media in Carrel flasks. The technic 
has been described previously The crude 
material is prepared as follows: 

The muscles are removed from S calf em- 
bryos, passed through a meat chopper, and an 
equal volume of Ringer’s solution is added. 
After standing for about one hour at room 
temperature, with occasional stirring, the mix- 
ture is pressed through gauze. The resulting 
extract (8 liters), corresponding to 4 liters 
of muscle, is dialysed in cellophane tubings 
against 2 portions of 8 liters each of distilled 
water for 2 days. Toluene or xylene must be 
added in sufficient quantities as preservatives, 
othenvise inactive products are obtained. The 
combined dialysates containing about 75% 
of the dialysable substances of the e.vtract 
are evaporated almost to drjmess in vacuo in a 
water bath at 40-50°. The residue is treated 
with 120-150 ml of a mixture of 1 vol. glacial 
acetic acid and 2 vol. of methanol (possibly 
with slight heating) and, as a result, most of 
the inorganic salts (chlorides) are left vndis- 
solvcd, while all the active substance is found 
in the solution. After centrifugation, it is 
precipitated with 3 vol. of absolute ethyl 
alcohol, and the precipitate is isolated by cen- 
trifugation or filtration on a sintered glass 
filter and treated with absolute alcohol and 
dry ether. The product is very hygroscopic 
and must be treated with utmost care at this 
point. It is immediatelj' dried in vacuo over 
112804 and solid Ix'aOH in a desiccator. IVhen 
dry, it can be kept indefinitely in a stoppered 
bottle. Preparation V-521 yielded 32.4 g, cor- 
responding to 10.8 mg substance per ml of 
embryo muscle. It contained 3.44% V 
1.37%, inorganic P, and 1.41%, organic p! 
.\ddition of 0.2 ml of a solution containing 
10-33 mg of this product per ml (in physio- 
logical saline, neutralized and sterile-filtcred) 
to a Carrel flask containing dialysed media 
restores the ability of the media to promote 
the normal appearance and growth of the 
tissue cells. 
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mine seems to promote a very rapid “regenera- 
tion” of liver tissue, the liver shows relativelj^ 
little damage even after 28 days on a cora- 
mine diet. It is quite possible that necrosis 
or cirrhosis or both might have been produced 
by continuing the experiment for several 
months. Blumberg and Grady® found that 
over 300 days were required to produce 
fibrosis in rats with fatty livers. 

It is surprising that the full effects of cora- 
mine on the liver wt/body wt ratio are mani- 
fest in 5 days or less and that no obvious 
progressive change occurs from then up to 
the 28th day. The growth rate was depressed, 
but not seriously, and all of the 180 experi- 
mental animals appeared to be in good con- 
dition at the time of autopsy. 

Essentially none of the results presented, 
either chemical or histological, indicate any 
serious abnormality in the liver parenchyma 
of the coramine treated rats. A hypothesis as 
to the nature of the action of coramine on the 
liver cannot, however, be advanced. The rapid- 

C Blumberg, H., and Grady, H. G., ArcJi. Path., 
1942, 34, 1035. 


ity and degree of enlargement of the liver 
superficially resembles the effect produced 
in organs by their respective trophic hormones. 
AVhether this resemblance is more than super- 
ficial remains to be determined. 

Stnnmary. (1) Coramine produces a great 
increase in the liver wt/body wt ratio in 
growing rats. (2) This increase which is mani- 
fest within 5 days or less and which is still 
apparent for at least 28 days cannot be pre- 
vented by the ingestion of choline or methi- 
onine. (3) The percentage of wafer and 
glycogen in these livers is essentially the 
same as in the controls. Coramine causes some 
elevation in the fat content which may be 
prevented by the administration of clioline 
or methionine. (4) On microscopic e.xamina- 
tion, aside from the fat globules observed in 
the livers of rats receiving coramine alone, 
no marked pathological changes were evident. 
Binucleate cells and mitoses were present in 
large numbers. 

Tlie authors wish to express sincere thanks to 
Dr. T. Hernandez for earrj-ing out tlie microscopic 
examination of the liistological sections. 
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A. Fischer, T. Astrup, G. Ehrensvaed, and V. Oeiilensciilager. 
From the Biological Institute of the CarlsVcrg Foundation, Copenhagen. 


Multiplication and growth of tissue cells 
fit vitro depend on the presence of two kinds 
of substances in the culture media. Sub- 
stances of a protein nature present in extracts 
from embryonic tissues were shmvn by CarreF 
to act as growth promoting factors. These 
high molecular weight substances are present 
only to a verj”^ limited extent in blood plasma 
or serum. Attempts at the isolation of these 
ver}^ labile substances, grouped by us under 


• Aided by grants from Eask-Orsteds Fond and 
;rom Kong Christian den Tiendes Fond. 

1 Carrel, A., J. Pxp. Med., 1913, 17, 14. 

^2 Fischer, A., and Astrup, T., P/IH.acrs Arch., 


1943, 347, 34. 


the name “embrjmnin”," have shown that they 
can be purified by the e.xtraction methods out- 
lined by Hammarsten® for the isolation of a 
nucleo-protein. Other methods of purification 
have so far failed. These results have been 
confirmed by Davidson and Wai'mouth.'* 
When the culture media (plasma, serum, 
embrj'o extract) are dialysed against Ringer- 
glucose solution, and Tyrode’s solution is 
added (furnishing inorganic pho.sphate and 
bicarbonate), the tissue cells disintegrate 

3 Uammarsten, E., 2. physiol. Chem,, 1020, 100, 
141. 

-1 Davidson, J. N., .and W.aymouth, CIi., Binchem. 
J., 1945, 30, ISS. 
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TABLE I. 

lilixture V-GOu of Biologicallj’ Active Substances Tested on Tissue Cultures. 
(Mg of substances contained in 1 liter solution.) 


NaCl 

7500 

!(—) -Lysine, 2HCI 

15 

KOI 

200 

t( — ) -Histidine, HCl 

5 

C,iCU 

200 

1 ( — ) - Arginine 

o 

llgCTo 

100 

d',t-Valinc 

ll 

N.aoHP 04 

50 

l ( — ) -Leucine 

9 

N-allCOa 

1000 

d,I-Isoloucine 

10 



d,f-Threonine 

12 

FeCL 

O.G 

d,t-PlienyIaIanine 

7 

CuCio 

0.2 

i( — ) -Tryptophan 

o 

MnCTo 

0.3 



ZnClo 

1.0 

d,t-Metliionine 

0 

CoClo 

0.01 

Gliolinc (as hydrochloride) 

10 



Creatine 

10 

GIucobo 

800 

Nicotinic acid 

0. 

Mannose 

100 



Galactose 

100 

Cystine 

7) 

Inositol 

20 

Glut.atliione 

5 

Adenosinctriphospliatc 

200 

Pantothenic acid 

0. 

Fructosc-dipliospli.'ite 

100 

Biotin 

0. 

(J-Glyceropliospliatv 

100 



inosinic acid 

30 

p-Aminol)cnzoic acid 

1 



Hypoxantinc 

100 

Cozymaso 

5 



Thiamine 

3 

•Sodium .succinate 

10 

Riboflavinc 

0.2 

” fumaratc 

10 

Pyridoxiiie 

0.3 

” malate 

10 



’ ’ ox.aloacctatc 

10 

Glutamine 

250 





Ascorbic acid 

o 



Mcthylnaphtoliydroquinonc-sulpbatc 

0. 


Among the substances of high molecular 
weight are the growth-promoting substances 
of protein nature contained in the embryo 
tissue juice, the presence of which are neces- 
sary for cell multiplication. Cell survival, 
however, is possible without this addition. 
Further, the proteins of serum mat' plat' a 
role that has not yet been clarified. And 
then there are the substances of low molecular 
weight contained both in the embrt'o tissue 
juice and in the serum. 

By dialysing the media, as we do. the 
problems arc simplified, for we retain all the 
high molecular weight substances and have 
only to substitute the low molecular weight, 
dialysable substances by a synthetic mixture. 
We feel that it is necessary to distinguish 
clearly between the effects of the dialysable 
and of the non-dialysabic substances and to 
solve these two questions separateh-. Further, 
we always add to our media a surplus of 
dialysed embrj’o tissue juice in order to fur- 
nish the growth-promoting factor and thus to 
obtain active growth of the cells. In this 


manner, we have a much more rigid proof of 
the ability of the added mixture to provide 
accessory growth substances than is the case 
when only the life of the cells is maintained. 
In this respect, our investigations differ from 
those of most previous authors. 

AVe ne.\t proceeded to devise a mixture of 
all the substances of biological importance 
known to be present in animal tissue, and 
undertook to use them in concentrations com- 
parable with those found in the living organ- 
ism. In this manner, we devised itiixture 
V-605, described in Table I. The mixture was 
made from neutralized concentrated sterile 
.solutions of the various groups of components, 
and 1 ml was used in the medium in a Carrel 
flask. Tested in the manner described, very 
intense growth and normal appearance of the 
cells were obtained even for cultures of smalt 
.size. In the absence of glutamine, the mix- 
ture was rather active when tested on large 
cultures, but almost inactive on small cultures. 
Glutamine alone was quite inactive. Removal 
of the group containing the organic phos- 
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Fio. 1. 

A. Effect on tissue cells of soluble calcium salts 
prepared from calf embryo dialysate after removal 
of inorganic phosphates. Culture No. 17551: Dry 
preparation isolated from dialysate (V-521-1). 
Culture No. 17552: Soluble Ca-salts (V-521-61). 
(Abscissa: D.ays. Ordinate: Eelative growth area.) 

B. Eficet on tissue eelis of a calf embi-yo dialy- 
sate after treatment witli yeast and removal of 
inorganic P. Culture No. 17C91: Soluble Ca-salts 
before yeast treatment ('V'-521-C1). Culture No. 
17G92: Soluble Ca-salts after yeast treatment 
(Y-521-74). 


With barium acetate it is possible to pre- 


cipitate all the active substances together with 
all the phosphorus. After dissolving this pre- 
cipitate and removing the Ba'^*, all inorganic 
P may be precipitated with Ca^^ without 
significantly' decreasing the activity. 

A dry preparation, V-S3 7-1, prepared as 
described, contained 0.227 mg N, 0.1290 mg 
inorganic P, 0.0406 mg organic P, and 2.50 


mg sugar per ml solution. 

1.48 g of V-537-1 (corresponding to 200 ml 
original solution) are dissolved in 20 ml 
water, and 20 ml ethanol is added. After 
making the solution just alkaline to phenol- 
phthalein with 2N NaOH, 2 ml 30% Ba- 
acetate solution are added. The precipitate 
is removed by centrifugation, dissolved in 
water by means of diluted HCl, Ba^^ is 
removed with sodium sulphate, the centri u- 


gate diluted to 200 ml, made alkaline to 
phenolpththalein with 2N NaOH, and 4 ml 
10% CaClo solution, saturated with Ca(OH) 2 , 
is added. The solution is neutralized, concen- 
trated in vacuo to SO ml (4 times the original 
concentration), sterile-filtered and tested as 
usual. The solution is almost as active as the 
original product, and contains, per ml of the 
original concentration, 0.053 mg N, no inorg. 
P, 0.0246 mg org. P, and 0.56 mg sugar 
(preparation V-S37-11). 

The mother liquor from the Ba-acetate 
precipitation and the calcium precipitate were 
both almost inactive (Fig. 1 A). 

By treatment with yeast, it is possible to 
remove part of the sugar in the preparations, 
and, at the same time, the organic phosphates 
are almost completely transformed into inor- 
ganic phosphates and may be removed as 
such by treatment with CaClj. These opera- 
tions do not interfere significantly with the 
biological action of the preparations. Thus, 
preparation V-S21-74 contained originally, 
per ml, 3.70 mg sugar, 0.190 mg inorg. P, and 
0.161 mg org. P. After treatment of 200 ml 
with 10 g of bakers’ yeast, overnight at room 
temperature, and removal of inorg. P with 
CaCla-solution at pH 8-9, there remained 1.34 
mg sugar per ml but no inorg. or org. P. 
Fig. 1 B shows the activity tested in 4 times 
the original concentration. 

Synthetic Accessory Growth Substances. 
The first attempt of any significance to devise 
a synthetic medium was made by Baker and 
Ebeling.*® But because their results were 
based on the use of a digest of whole blood, 
they are of little use in disclosing the mech- 
anism of cell nutrition, even though a medium 
made in this manner may be useful for other 
purposes. 

The inability of embrj'o juice alone to fur- 
nish the substances necessary for normal 
growth of tissue cells was clearly demon- 
strated by Baker'^ who showed that serum is 
needed to furnish additional nutriment. Work 
on a synthetic medium must proceed, there- 
fore, along 2 lines, for substances of both high 
and low molecular weight are involved. 

10 Baker, L. E., and Ebeliiig, A. H., J. Exp. 
ited., 1939, 09, 3G5. 

n Baker, L. E., J. Exp. ited., 1939, CO, 025. 
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Fia. 3. 

Effect of synthetic mixtures V-C12 and V-G34 on 
tissue cells. Culture Xo. 177u£l: Mixture V-R12 
without glutamine. Culture 2so. 17700 •. Mixture 
V-G12. Culture Xo. 17771: Mi.xturc V-C12. Cul- 
ture Xo. 17772: Mixture V-014. 

cycle) . It was surprising to us that the tissue 
cells would show normal growth in the absence 
of several of these substances. It may be that 
during the relatively short growth period ( 5-8 
days) the constituents of the original tissue 
fragment suffice for the metabolism of the 
tissue cells, or that some of the components 
otherwise considered to be low molecular 
weight substances may be retained in the 
dialyzed plasma in combination with proteins. 
It is known, for example, that the heavy metal 
ions and certain organic components, c. g., 
vitamin Br„ may be separated from proteins 
only uath difllcully. 

The vital importance of glutamine was 
c.xpectcd in view of the relation between its 
function as a growth factor for certain strepto- 
cocci and its role in streptococcal glycolysis, 
as found by Mcllwain.'- The importance of 
fructose-diphosphate is well understood in 
relation to its action in fermentation, and it 
may furnish a sufficient amount of hexose- 
diphosphale for the glycolytic system during 

I- Mcllw.-iin, It., Jliofhrm. J.. 1040 , -to, 07 , 4 CO. 


Cells ix Artificial Media 45 

the first hours after transplantation of the 
tissue fragment and before the cells themselves 
are able to regain all their normal enzymatic 
functions. It is important in this connection, 
howe\'er, to remember that it seems possible to 
remove all organic phosphorus from the pre- 
viously described accessory growth substances 
contained in dialysates from embryo tissue 
juice without interfering with the biological 
activity. These products contain no glutamine 
and their mode of action may be different 
from that of the synthetic mixture described 
here. 

Recently, White’^ has attempted to devise 
a completely synthetic medium. Our results 
are not in accordance with those of previous 
authors, and especially not with those of 
WTiite, and though we consider it too earlj'- 
to discuss these differences a few points may 
be stressed. First of all we use a different 
technic, which in our opinion simplifies the 
problems in question by making possible a 
stepwise solution of the very complicated 
phenomenon of tissue growth. It is of special 
importance that while previous authors have 
preferred to work with media intended for 
maintenance of the cells for long periods, we 
use the active growth of cultures over short 
periods as a measure of the ability of the 
media to furnish the necessary substances. 
In this respect, it is of interest to note that 
two of our most important substances, /. c., 
glutamine and fructose-diphosphate, are ab- 
sent from the mixture descried by White. 
Also, though \\’hite found that fibroblast 
migration is verj’ much more active during 
the first few days in dextrose than in sucrose, 
he considers it probable that sucrose is supe- 
rior to dextrose if the nutrient is not to be 
renewed frequently. In our experience, the 
tissue cells are completely unable to metabo- 
lize sucrose (saccharose).® We suppose, 
therefore, that the tissue cells in \Wiite’s ex- 
periments use the carbohydrates (de.xtrose) 
contained in the tissue pulp used for cultiva- 
tion, and that the cells of the pulp would 
survive equally well if no sucrose at all were 
added. W hite seeks to a%'oid unknown con- 
stituents in the culture media (c. g., serum, 
^ptone, fibrin-digest, tissue e.xtract, and sim- 

P. R., Oroirth, 1040, loT'^sTT” 
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Pig. 2. 

Effect of sjuthetio mixture V-605 on tissue cultures. Culture No. 17281: Mixture V-C05 
rritliout glutamine. Culture No. 17282; Mixture V-605. Culture No. 17295; Glutamine alone. 
Culture No. 17296: Mixture V-605. Culture No. 17643: Mi-xture V-605. Culture No. 17644: 
Mixture V-605 Tvithout organic pliospliates. 


^17281 

017295 X ^ 

0 17644 

^17282 
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X 
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J 

X 

X ^ 
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^ 0 

. . . dqt/s 

■ . 1 

. , , , ciqt^s 


10 

9 

8 

7 

6 

5 

4 

3 
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phates yielded a quite inactive mixture. Exam- 
ples are shown in Fig. 2. Most of the other 
substances, however, could be discarded with- 
out influencing the action of the mixture on 
the cells, and in this manner we arrived at 
mixture V-612 (Table II), in which we have 
further increased the concentrations of organic 
constituents, except glutamine, with good 
results. Fig, 3 shows the action of this mix- 
ture ivith and without glutamine, tested on 
comparatively large cultures. The effect of 
glutamine is evident. The concentration of 
glutamine could be lowered to one-tenth with- 
out significantly interfering with its supple- 
mentary effect on the mixture. Further e,x- 
periments show that it is possible also to 
discard /3-gIycerophosphate and inosinic acid, 
thus retaining only fructose-diphosphate (Fig. 
3). Removal of the amino acids significantly' 
decreases the activity. The importance of 
each individual amino acid has yet to be 
studied. 

Bisciission. A comparison of Tables I and 
II shows the substances not essential for 
growth of tissue cells under the conditions 
of the experiments. They' include the 
heav'V metals, known for their catalytic 
action on certain enzyme reactions, adeno- 
sine-triphosphate, cozy'mase, the different 


TABLE II. 

Simplified Mixtures V-612 and V-614 for Use witli 
Tissue Cultures. 


■(Mg of substances contained in 1-litcr solution.) 
(p-glyeeropliosphate and inosinic acid were 
omitted in mixture V-614.) 


Mg 

NaOl 

7500 

KCl 

200 

CaClo 

200 

MgCl. 

100 

Na„HP 04 

50 

N.aHCo,, 

1000 

Glucose 

2000 

Fructose-dipbosphate 

200 

(;S-Gly’ceropliospliate 

200) 

(Inosinic acid 

GO) 

?(—) -Lysine, 2HC1 

30 

l( — ) -Histidine, HCl 
l ( — ) -.Arginine 

10 

4 

(7,1-VaIine 

28 

/( — ) -Leucine 

18 

d.Msolcueine 

20 

d.I-TliTeoninc 

24 

f7,?-PlienvIalanine 

14 

? ( — ) -Tryptoplmn 

4 

Crstine 

10 

Glutathione 

10 

Gluf.amine 

250 


vitamins tested, choline, creatine, and 
the C^-acids (functioning in the Krebs 
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Chat.t 1. 

Tills clinrt presents dntn on tlie growth rate of (a) normal male mice of the pBr suhlinc of 
the XnO slock (solid lino) and (h) hereditary dwarf mice of the same stock (short dash line). 
Time in days is given on the base line, body* weight in grams is given on the vertical line. 


tcristioi such as precocious opening of Uic 
vagina, delayed opening of the vagina even 
up to one year of age, and complete imper- 
forate vagina, increased fecundity, precocious 
se.vual maturity, increased fertility, e.xcessively 
large first litters, rapid growth rate with the 
production of giant mice weighing up to 86 g 
of weight, and precocious and complete ster- 
ility. (5) Numerous cases of somatic mosaics 
especially involving hair pigmentation, and 
(6) the production of many germinal muta- 
tions involving hair color, eye color and dis- 
tributional patterns of pigmentation.***^ 

Recently Carr'-* has reported 7 biological 
variants produced in mice by the subcutaneous 
injection of l:2;5:6-diben7.anthracenc. He 
reports I. Hydrocephalus, 2. z\bsencc of left 

2 Strong, 1 j. C., ^Irrh. Path., 1945, 30, 232. 

Strong, L, C., J. Xat, Cancer Inst., 194.5, 5, 339. 

■•Strong, Ij. C., .Vn(. Acad. Sciences, 1945, 31, 
290. 

•'.Strong, B. C., I'ntr J. Piol. and Ifrd., 1940, 
1«, 14.5. ‘ 

<>Strong, Jj. C., Pale ,T, Pint, and Jfed., 1940, 
1«, .3.59. 

~ Strong, T>. C., .Wiener, 1940, 103, 554. 

t* Strong, I.. C., .Imrriean .Yoturoh'sf, 1947, 
St, 59. 

t'C.irr, .1. C., llril. J. Cancer, 1947, 1, 152. 


horn of the uterus, 3. Brain hernia, 4. Brown, 
5. Pink eye, 6. Recessive spotting, and 7. Chin- 
chilla. The last 4 of these variants were 
proven to be genetic recessives. 

It is a well recognized fact that the carcino- 
gens are inhibitory' in action.’” Thus when 
one injects a mouse with one of the carcino- 
gens the norma! growth rate is inhibited. In 
the pBr subline of the NHO de,scent whose 
ancestry' has been injected with methylcholan- 
threne for many' generations and the mice 
selected toward induced cancer resistance, the 
mice very seldom weigh more than 25 g when 
fully grown. The normal growth rate for 
mice of this subline is given on the solid line 
of Chart 1. On the 31st of March, 1947, it 
was noted that a pair of these pBr mice had 
produced a litter of young in which there ivcrc 
4 normal and one dwarf mouse. These mice 
and dteir close relatives have produced, to 
date, a total of 121 mice in 21 litters in which, 
at least, one dwarf has appeared. Of these 
121 mice, 92 were normal and 29 dwarfs. 
On a 3:1 basis one would e.xpect 90.6 normals 
to 30.2 dwarfs. Thus it is obvious that 
dwarfi.sm is a simple mendelian recessive. 

10 HoThn<l, K., i:.lg.-ir An/>n Mcmnrial Lecture, 
New ITavon, t.Vmn., Oet. S, 1947. 
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ilar products), but in. the pulp of macerated 
tissues used for cultivation he introduces large 
amounts of cell constituents of both high and 
low molecular weight. They may be removed 
by repeated washings either before or after 
they are placed in the culture tubes, and thus 
the difference between his results with dex- 
trose and sucrose may be explained. The 
active growth of his cultures of tissue cells 
indicates the presence of the growth-promoting 
substance “embryonin” in his media, this 
substance being present in the macerated cells. 
A comparison with controls consisting of cul- 
tures made from washed tissue pulp would 
have been desirable. 


Summary . 1. The difference between 

growth-promoting substances and accessory 
growth substances and between their different 
modes of action is pointed out. 2. From 
dialysates from embryo Juice, preparations 
may be obtained which completely restore the 
ability of the dialysed culture media to induce 
normal growth of the tissue cultures. They 
may be prepared free from organic phosphates 
and glutamine. 3. A synthetic mixture is 
described which has the same properties of 
restoring the dialysed media. The most im- 
portant of its components seem to be gluta- 
mine and fructose-diphosphate. 
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Leonele C. Strong.* 

From, the Department of Anatomy, Tale University School of 2Icclicine. 


The following biological variants have been 
obtained in the descendants of mice whose 
ancestry have been injected with methyl- 
cholanthrene for many generations. ( 1 ) Sev- 
eral germinal mutations changing suscepti- 
bility to tumors induced at the site of the 
injection of the carcinogen. (2) Germinal 
mutations altering the incidence of specific 
types of tumors, following the injection of the 
methylcholanthrene and subsequently under 
spontaneous conditions in their untreated 
descendants — such as bronchiogenic car- 
cinoma, leiomyo-sarcoma of the uterus, and 
gastric lesions of several histological types. 
(3) Many embryological disturbances such as 
de.xtrocardia, dextroversion, situs inversus, 
anovariae, absence of the cervi.x and vagina, 
absence of one kidney together with the ab- 
sence of the horn of the uterus on the same 
side, craniorachichisis, several e 3 'e lesions, and 

♦ Tlxis experiment lias been made possible by 
grants from The Jane Coffin Childs Memorial Fund 
for Medical Eesearcb, The Anna Fuller Fund, and 
The American Cancer Society, Committee on 
Growth. 


possibly (?) twins. (Twenty-two pairs of 
twins have been obtained in mice which have 
been injected with methylcholanthrene. In 
view of the reported rarit}' of this condition in 
mice (only three cases could be found in the 
literature) it would seem that twinning in 
these methylcholanthrene-treated mice is 
highly significant. However, in more recent 
work especially b}'’ W. F. Hollander, ^ it has 
been found that twinning or placental fusions 
in mice are of verji- frequent occurrence. It is 
doubtful, therefore, whether the injected 
methylcholanthrene had much influence on 
the development of this biological variant.) 
The above biological variants are considered to 
be induced by methylcholanthrene when they 
have fulfilled one of the following criteria: 
either (a) the}' have occurred only among the 
injected mice or their immediate descendants 
and never among a comparable group of con- 
trols, or (b) thej- have occurred among the 
methylcholanthrene-treated mice at an in- 
creased frequenc}' over the controls. (4) Sev- 
eral phj'siological and morphological charac- 

1 Ilolbindor, IV. F., unpubli-slicfl tl.'il.i. 
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induced in mice following the subcutaneous 
injection of methylcholanthrene for many gen- 
erations is hereditary dwarfism. This condi- 
tion is inherited as a recessive. The relation 
of this mutation to the general problem of 
parallel induction is briefly indicated. Thus 
it is becoming more obvious that both non- 


genetic and genetic biological variants are 
being produced in mice by methylcholan- 
threne. The mechanism involved may be 
different for the different variants obtained 
but perhaps there may be a common denom- 
inator in them all. 


16200 

Effect of Muscular Fatigue on Histamine-Provoked Ulcer with 
Observations on Gastric Secretion. 

C. W. Lillehei- and 0. H. Wangensteen. 

From the Department of Surgery, Vniversify of Minnexota Medieal School. 


Complete phj’sical rest is frequently men- 
tioned by internists as a valuable adjunct in 
the medical management of peptic ulceration. 
This precept has been derived primarily from 
clinical obser\’ation as there are few if any 
experimental studies in recent medical litera- 
ture which deal with the effects of muscular 
fatigue on alterations in gastrointestinal tract 
function particularly as they pertain to the 
ulcer diathesis. 

It is the purpose of this report to indicate 
our obsciA-ations on the effect of moderately 
severe muscular fatigue on the incidence of 
the histamine-provoked ulcer and upon gastric 
secretion in dogs. 

Method of Study. Experiment 1. Fifteen 
hc.Tlthy, dewormed dogs weighing from 26 to 
54 lb, of young to medium age, were run from 
3 to 4 hours consecutively each day in the 
morning on 5 to 6 successive days on an elec- 
trically driven endless belt treadmill. The 
dogs were allowed a 10-minute rest period 
each hour and water ad lib. The treadmill 
sjiccd was calculated at 1.5 to 2.0 miles per 
hour which amounts to a brisk walking pace 
for the average sized dog. The slope of the 
treadmill was varied between an incline of 
5 to 20° from horizontal depending on the 

" National Canoor Trainoo. This v.'orl-: is snp- 
inirlod in part hy the 1.'. P. Puhlic Health Service, 
the Annustns I.. Penric Ihind anil the .Tohn .anil 
Mary K. Markle ruml for Snrpical Iti search. 


dogs’ physical condition. Just prior to being 
placed on the treadmill each daj’, the dogs 
were given an injection intramuscularly of 
30 mg of histamine base-in-beeswax mixture 
prepared after the method of Code and Var- 
co.^ The dogs were fed a diet of horsemeat, 
milk, dog biscuit each day after finishing 
their period on the treadmill. Rectal tempera- 
tures were taken before the start of the ex- 
ercise and after each hour of e.xercise as a 
gross indication of the degree of muscular 
effort. 

As a control series, 13 animals of compar- 
able size, age, and health were fed and in- 
jected dail}' with histamine as above, but 
were not run on the treadmill. In addition 2 
dogs were run on the treadmill as above, but 
were not given histamine. In these 2 animals 
the effect of the muscular e.xercise on hemo- 
globin, hematocrit, leukocytes differential 
count, and blood sugar was studied. All ani- 
mals were sacrificed with examination of their 
gastro-intestinal tracts at the end of their 
test period of 5 to 6 da.vs on the treadmill 
and/or 5 to 6 consecutive daily intramuscular 
histamine-in-wax injections. 

ExTieriment II. Studies on gastric pouch 
secretion were made using 2 Hcidenhain-t\-pe 
pouches made over one year prior to the onset 
of these e.xperiments. Both animals used were 

1 Code, C. F., .md Varco, H. L., Fi:oe. .Poe. Exr. 
Biol, .vkd Mr.n.. ]!i40. .j-j, 47 :,, 



48 


Hereditary Dwarfism by Methyecholanthrene 


The growth rate for dwarf mice up to 108 
days of age is given on the short dash line of 
Chart 1. 

The dwarfs are smaller in size than the 
controls at birth and appear to be restless. 
They deviate strikingly from the controls at 
2 to '3 days of age and, in competition with 
their normal siblings, they have invariably 
died before the weaning age of 30 daj's. A 
few days before death the3'- lose weight pro- 
gressively. However, when their normal 
siblings have beeen removed from the mother, 
the dwarfs will live for a longer time. So far 
only S have reached 100 days of age. Of 
these one pair has reached sexual maturity 
and has produced 16 young in 2 litters — ^all 
of which were dwarfs. One of these young 
was also a waltzer but unfortunately died 
before reaching sexual maturity, so that the 
biological nature of this waltzing could not be 
determined. 

It is perhaps more than a coincidence that 
the mutations reported by Carr are the same 
as have been obtained in mj’’ laboratorJ^ All 
4 of his mutants have occurred several times 
in the descendants of mice which have been 
injected with methjdcholanthrene. In addi- 
tion, however, I have obtained many other 
germinal mutations, notably three types of 
dominant spotting, etc. One may entertain 
the possibility that perhaps there may be a 
specificity of action of the inducing sjstem 
upon the genetic mechanism, an idea that has 
been mentioned previously. It must be borne 
in mind, however, that the first mutations that 
have been induced with methylcholanthrene 
and with 1:2:5: 6-dibenzanthracene have been 
at loci which have given rise to spontaneous 
mutations in the past — thus indicating perhaps 
a greater mutability than other loci in the 
germ plasm of mice. The greatest difference 
between Carr’s data and my own is, appar- 
ently, in the greater frequenc}^ of dominant 
mutations in my series. For example, with 
methjdcholanthrene the recessive gene b has 
mutated to dominant B eight times, whereas 
the gene B has onij’’ mutated to b once. It 
is al°o clear that both non-genetic and genetic 
biological variants are being produced in sep- 
arate laboratories. In mice, many biological 
variants occur for which no genetic evidence 


of inheritance can be obtained. It is conse- 
quently better to use the term biological 
variant until evidence of inheritance can be 
established. When this evidence is forth- 
coming the variant thus becomes a mutant. 
Among the most interesting non-genetic 
variants are the somatic mosaics being induced 
with methjdcholanthrene. The fact that both 
methylcholanthrene and l:2:S:6-dibenzan- 
thracene are powerful carcinogens and that 
consequently the experimental animals are 
giving rise to a multiplicity of cancers should 
not be lost sight of. 

Parallel induction maintains that an induc- 
tion system may influence both the soma and 
the germ plasm — ^perhaps conditioned bj' some 
biological bond between the gene and some 
characteristic of the soma conditioned by gene 
action. This appears to be the case in the 
induction of gastric lesions under the influence 
of methylcholanthrene. This gastric lesion 
became hereditarily established by a mutation 
on the brown tagged chromosome.'’ The pro- 
duction of hereditary dwarfism in mice seems 
to be a second case of parallel induction. That 
is, that the induction sj’stem of methylcholan- 
threne or one of its metabolites has inhibited 
the normal growth rate of mice for several 
generations. When a germinal mutation took 
place it took place in the direction of the 
inductive influence. However, this has not 
always been the case. For e.xample, the giant 
mice referred to previously apparently orig- 
inated by some biological change (perhaps 
germinal) which was counter to the trend of 
biological induction. 

The embrjmlogical disturbances maj^ be 
brought about, perhaps, bj^ an inhibitory 
action of the carcinogen at a critical period 
of the development of the embrv'o. For 
example, the absence of the cervix could be 
explained bj’ the fact that perhaps the distal 
end of the Mullerian duct did not develop 
normalty. The carcinogen is also inducing 
mutations and at the same time bringing about 
changes in the soma leading toward neoplasia. 
This multiplicity of biological effects by the 
injection of a pure compound may eventuallj' 
be better understood when the metabolism of 
the carcinogen is more fully understood. 
Summary. Among tlie germinal mutations 



Fatigue and Ulcer Production 


51 


TABLE II. 


Production of UJccr in Normal Bogs. 

(30 mg liistaminc-base in Beeswax daily.) 
Control Series — ^No Muscular Patigue. 


Bog No. 

Initial 
wt, lbs 

No. of 
liiat. inj. 

Wt, loss 
lbs. 

Hesults 

9C0 

40 

G 

4 

Negative gastrointestinal tract 

980 

31 

5 

— 

S f 7 ) ft 

993 

35 

5 

1 

Single duodenal erosion 

5 

37 

5 


Negative gastrointestinal tract 

11 

47 

5 

4 

1) ft ft 

52 

22 

5 

aVa 

ff ft ft 

G5 

32 

5 

4 

Buodcnal ulcer 

380 

30 

G 

41/. 

Negative gastrointestinal tract 

282 

23 

5 

sy, 

t f ft tt 

870 

17 

G 

0 

ft ff tt 

99G 

15 

5 

0 

ft tt tt 

12 

18 

5 

2 

Single duodenal erosion 

51 

21 

o 

B/a 

Negative gastrointestinal tnict 


No. of dogs injected 13 

No. of dogs with ulcer and/or erosions 3 


T.VBLE III. 

EfCcct of Muscular Fatigue on Gastric Pouch Secretion. 

Average Values.* 

1st hr after 2nd ’/I- hr after 3rd Vj hr after 
histamine} histamine liistaminc 


nci nci IICl 


Dog 

No. 


Pasting 
V(d„ ee 

Free acid 

Vol. 

cc 

output 
mg/M- lir 

Vol. 

cc 

output 
mg/y, lir 

Vol. 

cc 

output 
nig/Va lir 

089 

nesting 

2.20 

Absent 4 out of 9 trials 

9.22 

44.75 

5.38 

27.97 

0.58 

qns. 


I'atigne 

0.21 

Absent 7 out of 10 trials 

3.79 


4.13 

20.31 

0.35 

qns. 

21 

liesting 

0.37 

Absent 1 out of 0 tri.als 


37.20 

15.43 

89.11 

3.31 



F.-itigue 

0.09 

Absent 3 out of 5 trials 

7.10 

33.09 

8.30 

47.10 

1. 20 

r;.72 


* Bog GSO tested 19 times. 

Bog 21 tested 11 times. 

} Bose of liistaminc jdiosphate 1.37 mg aqueous solution suheut. 


which pensists as long as 24 hours after the 
termination of a 4-hour period on the tread- 
miil. 

.Ml dogs on the treadmill showed an ele- 
vation of rectal temperature which was rough- 
ly correlated with the amount of fatigue and 
their physical condition. The average eleva- 
tion was 2°F. 

Exji. II. Rcsiills. Studies of the effects of 
muscular fatigue on gastric secretion are sum- 
marized in Table III. Both dogs show a de- 
pression of volume and free acidity of the 
fasting (basal) pouch secretion. Moreover, 
the basal pouch secretion was noticeably more 
mucoid (often jelling in the bottom of the 
tube) when the animal was fatigued. Upon 
the background of an artificially introduced 
stimulus to gastric secretion in the form of 


an injection of aqueous histamine the depres- 
sant effect of muscular fatigue becomes much 
more apparent upon the volume of gastric 
juice. .After aqueous histamine stimulation 
in exercised animals there is also a con- 
sistent, but small, reduction in degrees of 
free and total acid in the pouch juice. 
However, the main depressant effect on 
the production of total hydrochloric acid in 
muscular fatigued animals is the reduction in 
volume of juice secreted. The results in Table 
III are reported in terms of weight or output 
of hydrochloric acid per unit time which is 
the most reliable criterion of the rate of acid 
secretion in the stomach. (Lim)." 

Disaissio?!. These results indicate that mod- 

- I.iin, It. K. S.. .hii, J. PIitiFiol., lOL’ t, GO, .qis. 
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TABLE I. 


Productiou of Ulcer in Dogs Following JIusculai- Fatigue. 
(30 mg histamine-base in BeeSMMx (la‘ly.) 


Dog No. 

Initial 
wt, lbs 

Days on 
treadmill 

Total 
hrs on 
treadmill 

No. of 
liist. inj. 

AVt loss 
lbs 

Bcsults 

888 

39 

6 

23 

6 

4 

3 gastric ulcers 

902 

32 

6 

20.5 

6 

3 

Negative G. I. T. 

909 

37 

0 

18 

5 

3 

Duod. ulcer and erosions 

916 

34 

5 

18.5 

5 


Multiple duod. and jejunal erosions 

94S* 

40 

o 

6 

1 


Duod, and jejunal erosions 

951 

37 

5 

19 

6 

3 

Large duod. ulcer, nntr.al erosions 

956 

20 

5 

10 

6 

7% 

Large duod. ulcer, antral erosions 

967 

43 

5 

17 

6 

6% 

2 duod, ulcers 

979 

45 

5 

20 

5 

4 

Neg.ative G. I. T. 

994 

40 

5 

19 

5 

fV 

Duod. erosions 


32 

3 

12 

3 

5 

Died, perforated duod. ulcer 

16 

4314 

5 

20 

5 

V- 

Negative G. I. T. 

38 

54 

5 

20 

5 

4 

Duod. erosion 

59 

44 

0 

20 

5 

9 

Multiple penctrat. duod. ulcers 

375 

38 

5 

20 

5 

5% 

Neg.ative G. I. T. 


* Died in hyperthermia (rectal temperature above 108°F). 
No. of dogs tested _ 15 

No. of dogs with ulcer and/or erosion 11 


in a good general state of nutrition, free of 
any infection and secreted clear pouch juice. 
To facilitate the collection of the gastric juke 
without spillage on the treadmill both pouches 
were made with a 30 French mushroom ca- 
theter as an outlet for the gastric juice. The 
test period was begun at 9:00 a. m. Routinely 
food pans were removed from cages at 5:00 
p. m. on the day preceding the test insuring 
a 16-hour fasting period before each experi- 
ment. Water was allowed ad lib up to but 
not after the time of the onset of the experi- 
ment. The samples were collected at one-half- 
hour intervals. The pouches were tested al- 
ternately on and off the treadmill. Dogs tested 
on the treadmill were run for 20 to 30 minutes 
before the collection of gasUic juice was be- 
gun. All samples were analyzed the same day 
for volume, free and total acid, and pH, vol- 


ume permitting. . 

In order to test the depressant action of 
muscular fatigue on gastric secretion an arti- 
ficially produced stimulation of pouch Kcre- 
tion w’as created using one-half milligram 
histamine-base {1.37 mg histamine phos- 
phate) injected subcutaneously. AU dogs were 
criven one or more days rest between expen- 
ments Diet consisted of horsemeat, milk, an 
dog biscuits fed at approximately the same 

time each day. , 

Exp. I. Results. The incidence of hista- 


amine-in-beeswa.x provoked ulcer or erosion 
gastric and/or duodenal) following strenuous 
muscular e.xercise is shown in Table I. This 
incidence is to be compared with the results 
as shorni in Table II of injection of the same 
dose of histamine-in-beeswax for a comparable 
length of time without the effect of fatigue. 
Of the 2 dogs which were run on the treadmill 
as outlined aboi'e but were not given hista- 
mine-in-beeswa.x injections neither developed 
ulcers or erosions. However, at autopsy one 
of these animals (No. 326) showed a remark- 
abh^ severe duodenitis. The duodenum was 
fiery red in color due to submucosal hemor- 
rhages from the pylorus to the point of at- 
tachment of the ligament of Treitz. Micro- 
scopically sections from this area showed in- 
tense dilatation of the capillaries within the 
mucosa with e.xtravasation of red blood cells. 
The colon likemse showed a rather severe 
colitis, the mucosal surface being bright red 
in color due to congestion and submucosal 
hemorrhages. This appearance of the colon 
was quite a common finding at autopsy also 
in the dogs run on the treadmill and given 
histamine. (Table I). 

The blood changes caused by this amount 
of exercise on the treadmill were a mild hemo- 
concentration, a moderate fall in blood sugar 
immediately following exercise, and a poly- 
morphonuclear leucocytosis above 25,000 
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Attempts to Prevent Ergot Gangrene with Heparin and Dieumarol. 
Vascular Effects of Ergot by Fluorescein Technic. 

L. H. Akderson and J. A. Wells. 

From the Department of Tharmacotogy, Korthtnestem University Medical School, Chicago, III. 


The suggestion that thrombosis, associated 
with ergot gangrene, contributes to the 
vascular occlusion responsible for the result- 
ant tissue necrosis, prompts the hjqrothesis 
that prevention of thrombosis should modify 
the gangrene. This hjTJothesis is supported by 
the obseiA'ation that heparin prevents necrosis 
resulting from experimental “frostbite,” a 
condition with which thrombosis is also asso- 
ciated.*^'*^ 

The present study is concerned with the 
influence of heparin and dieumarol on the 
incidence of ergotamine induced gangrene in 
the rat. 

Gangrene of the tail was produced in male 
and female albino rats (140-200 g) by the 
subcutaneous or intraperitoneal injection of 
a 1; 1000 solution of ergotamine tartrate. 
Whenever a particular treatment was em- 
ployed, litter mates sert'cd as controls. Pre- 
liminary studies revealed no influence of sex 
or route of administration of ergotamine on 
the incidence of gangrene. 

1 KoLert, 11., .irch. f. rxp. Path. Pharmahol., 
18S3, 18, 310. 

2 Dale, II. 11., J. Physiol., IPOO, ;H, 11. 

3 Lewis, T,, Clin. Sci., 1935, 2, 43. 

■* Knunitz, J,, Arch. Surg., 1932, 2.>, 1135. 

5 Telford, E. D., .and .Stopford, ,T. .S. B., Vrit. J. 
Surg., 1931, 18, 557. 

C' McGrath, E. J., Arch. Int. Mrd., 1935, 35, 942. 

" Yater, W. M., and Caliill, .1. A., J. A. .If. A., 
1930, 10(1, 1025. 

s Custer, R. P., Am. J. Med. Sri., 193S, 103, 452. 

Ruhin, M. .1., and Rapoport, M,, .Irch. Int. 
.Ifcd., 1937, .>0, 7M. 

10 Thomas, R. M., I'alc J. Biol, and Med., 1940, 
12, 415. 

It Latifte, K., and Boyd, L. ,T., Surg. Gyn. and 
Oljst., 1945, 80, 340. 

12 Ijnnpe, K., and Loewe, I,., Surg. Gyn. and 
Ohst., 1910, 82, 250. 

i-t Friedman, X, B., Lange, K., and IVeincr, D., 
Am. J. Med. Sri., 1917, 213, 01. 


Gangrene can be produced by a single in- 
jection of a suitable dose of ergotamine®-**'*" 
and such a procedure was employed. When 
doses of 3.3, 12.5, 25.0, 37.5 and 50.0 mg/kg 
were injected it was observed that the inci- 
dence of gangrene with the smallest dose was 
very low, while with the largest dose a high 
mortality occurred. The incidences of actual 
necrosis in 31, 17 and 13 normal rats given 
12.5, 25.0 and 37.5 mg/kg of ergotamine 
tartrate were 35.5, 43.3, and 15.4% respective- 
ly- 

In the process of developing gangrene the 
appearance of the rats’ tails passed progress- 
ively through several poorly defined stages. 
The earliest certain indication of impending 
necrosis was the appearance of a demarcating 
region of redness and tenderness, distal to 
which was an area of extreme pallor, w-ith 
dark discoloration of the tip of the tail. This 
change was designated arbitrarily as the onset 
of gangrene, and on the basis of such criteria 
the time of onset of gangrene was determined 
in 115 rats (Fig. 1). A fen- animals began to 
develop gangrene within 24 hours of the in- 
jection of ergotamine. Approximately 50% 
of the animals which developed gangrene be- 
gan to do so within 3 days and 100% within 
7 days of the injection of ergotamine. 

Rats given a single subcutaneous injection 
of 30 mg/kg of heparin in Pitkin’s men- 
struum*®-*® showed prolongation of the blood 

ir Rotlilin, E., .treh. Internal, dr Pharmarodyn. 
ct dc Thcrap., 1923, 27, 459. 

15 Suzmnn, M. M., Freed, C. C., and Prag, J. J., 
South Afriran .1. Med. Sri., 1938, !i, 29. 

l« Cobet, R., R.-it?cliow, M., .and Steebner, M. L., 
IClin. Il'rhn.srh., 1939, 18, 27S. 

l7K.a(«chow, M., and Klostcrman, II. C., S. /. 
hlini.srhr Mrd., 1939, 1JL5, 19.S. 

IS Loewe, L., .and Rosenblatt, P., .Ini. .7 ][cd 
Sci., 1944, 3-1, 20S. 

lOEvan.-i, .T. A., .and Boiler, R. .L, .7. 4 V A 
194C, l.'U, S79. ' ■ ■' 
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Pig. 1. 

Stomach from dog No. 7, dying with a perforated duodenal ulcer after being run a total of 
eleven hours on the treadmill over a three-day period and at the same time receiving a daily 
injection of histamine-base. 


erately severe muscular fatigue abets the 
histamine-provoked ulcer quite appreciablj' 
while at the same time depressing the output 
of hydrochloric acid. These seemingly para- 
doxical findings would suggest that the ulcer 
abetting effect of muscular fatigue is an effect 
on the mucosa itself (most probably on its 
blood supply) which renders it more vulner- 
able to the digestive action of the acid-pepsin 
mixture. There seems little reason to doubt 
that strenuous muscular e.xercise would cause 
a disturbance in the blood flow through the 
gastrointestinal tract by partitioning avail- 
able blood volume in favor of the skeletal 
muscles. Evidence from this laboratory has 
shown that vasoconstriction® produced b}"- 
adrenalin-in-beeswax injection or by libera- 
tion of adrenalin due to e-xposure to cold-* may 
aid and abet the ulcer diathesis by creating 
such anoxic areas that fail to resist the di- 
gestive action of gastric juice. IMuscular 
fatigue® is likewise known to cause the libera- 
tion of adrenalin. 


The greater weight loss in the experimental 
group (Table I) was due in part to the mus- 
cular e.xertion and in part due to the earlier 
development of an ulcer with consequent 
anorexia. 

The hyperthermia associated with muscular 
fatigue may be a factor in the suppression of 
gastric secretion obsen^ed. 

Conclusions. 1. Muscular fatigue in dogs 
abets the occurrence of the ulcer produced by 
chronic histamine stimulation. 

2. Muscular fatigue in the dog depresses 
the output of hj'drochloric acid in gastric 
juice from Heidenhain pouches both under 
basal conditions and after an artificial stim- 
ulation (aqueous histamine) due principally 
to a reduction in the volume of juice secreted. 

3 Bnronofsky, I., .md 'W.-inpcnstcen, 0. 11., Hull. 
Am. CoU. Sttrff., 1043, iiO, 30. 

< Lillclici, C. W., iinpiildisliod datii. 
oGclIliorii, E., Autonomic Xrrvon.t HcpuhUionn, 
Intcrscicncc Publisher.^, Inc., New Tori;, X. Y., 
1943, p. 133. 
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TABLE I. 


Influence of Anticoagulants on Incidence of Ergotamine-Indueed Gangrene in Rats. 


Procedure 


Total 

Alortality 

Ko. % 

Survivors 

Gangrene 

f ^ 

No. % 

Control 


82 

8 

9.8 

74 

20 

35.1 

Heparin 


28 

5 

17.9 

23 

9 

39.1 

Dicumarol 


38 

3 

7.9 

35 

13 

37.1 


X2* 


1.19 



0.012 



pi 


>0.50 



>0.99 



Siguifieance 


None 



None 



* Corrected Clii Square, 
t Probability. 


TABLE II. 

Usefulness of Pluorescin Test in Predictin g the Development of Ergot Gangrene in K ats. 

Ultimate incidence of gangrene 


r 

Group I (Tested 6 hr after 
ergotamine injection) 

f ~ 

Gangrene 


Group II (Tested 24 hr after 
ergotamine injection) 

/ ^ 

Gangrene 


/— — - N r ^ 


Ecsults of test* 

Total 

No. 

% 

Total 

No. 

% 

Fluorescence 

11 

4 

34.9 

IS 

0 

27.8 

No fluorescence 

GO 

29 

44.0 

19 

15 

79.0 

X2t 


0.019 



7.79 


pi 


0.90 



<0.01 


Significance 
Ass’n Coef.$ 


None 



High 



— 



0.417 



* Presence or absence of fluorescence of tail 1 hr after injection of 1 cc 10% fluorescein. 
1 Corrected Clii Square, 
t Probability. 


5 = 


n + X2 


2 rats, in which gangrene was developing in 
spite of therapy with dicumarol, revealed that 
the vessels were largely free of blood and 
there was no evidence of thrombosis. Similar 
studies on 2 control animals, developing gan- 
grene, revealed accumulated masses of red 
colls containing small amounts of fibrin in 
the large arteries, but no actual thrombosis 
was obsert-ed. It is thus concluded that throm- 
bosis Ls incidental, rather than contributory, 
to the vascular occlusion resulting in ergot 
gangrene and the severity of the vascular 
impairment is to be e.xplained solely on the 
basis of the vasoconstriction produced bv the 
ergot alkaloids. 

In order to gain further information on tha 
severity of the vascular impairment v.-hich 
can be produced by such vasoconstr-ction. 


one cc of lOfo sodium fluorescein was in- 
jected intraperitoneally into 12 normal and 
23 ergotamine-treated rats. Fluorescence ap- 
peared in the ears of normal rats 2.7 ti; 0.9 
min. and in the tails 9.5 ± 1.91 min. after 
the injection of the dye. In the animals re- 
ceiving ergotamine (12.5 or 25.0 mg/kg) the 
time required for the appearance of fluores- 
cence in the ear was 9.32 ±: 4.06 min. while 
in the tail 244 ±182 min. was required. It 
is thus concluded tliat the circulation to the 
tail of rats receiving ergotamine is not only 
greatly, but preferentially impaired. 

This preferential impairment of the circu- 
lation to the tail might be due either to the 
degree or the extent of the vasoconstriction 
occurring in this structure. In a series of ergo- 
tamine treated animals (37,5 mg/kg) ~no 
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Fig. 1. 

clotting time. This effect was maximum at 
24 hours, and persisted for 36 hours. Clotting 
times Avere estimated by the capillary tube 
method on blood obtained from the tail. Fol- 
lowing 3 daily doses of 30 mg of heparin in 
Pitkin’s menstruum, the average clotting time 
exceeded 20 min. (normal = 1.04 ± 0.38 
min.). 

In view of the evidence that 50% of the 
control animals began to develop gangrene 
within 3 days of the injection of ergotamine, 
it was reasoned that therapy with anticoagu- 
lants need not be continued beyond this 
time. Thus, in the present series of animals, 
5 daily doses of 30 mgAg of heparin in 
Pitkin’s menstruum were administered, be- 
ginning 2 daj^s prior to the injection of ergo- 
tamine. 

The incidences of actual necrosis in the 
series of 10, 8 and 5 heparin-treated rats 
given 12.5, 25.0 and 37.5 mgAg of ergota- 
mine tartrate were 30.0, 50.0 and 40.0% 
respectively, and all animals which developed 
gangrene did so ivithin 6 days of the injection 
of ergotamine. 

Rats given 2.5 mg of dicumarol b\' mouth 
show^ changes in prothrombin times which 
are maximum at 24 hours and last 36 hours. 
These animals will tolerate 10 mg of dicumar- 
ol daily for 3 da}'s.*“ 

20 Overman, R. S., Stolinian, 51. A., .Sullivan, W . 
B, Hncbner, C. F., C.-impbell, H. A., and Link, 
K. P., Clwm., 1942, 142, 941. 


Preliminary to the present study a series of 
rats were given 5 mg of dicumarol daih^ for 
10 doses. Clotting times determined during 
this course of therapy u'ere neier above 8 
min. However, bleeding from the tip of the 
tail after collection of blood for clotting 
determinations was greatly prolonged and 2 
of 7 animals bled to death from this minor 
u'ound. Some animals developed spontaneous 
hemorrhages w'hich stopped when dicumarol 
Avas discontinued and some shoAA’ed seA'ere 
anemia associated with tarrj' stools. The 
daily administration of 5 mg of dicumarol 
thus appeared to represent an effectiA^e and 
near maximum tolerated dose in the rat. In 
the present series 5 such daily doses were ad- 
ministered, beginning 2 days prior to the 
injection of ergotamine. 

The incidences of actual necrosis in the 
series of 13, 16 and 6 dicumarol-treated rats 
given 12.5, 25.0 and 37.5 mgAg of ergota- 
mine tartrate Avere 15.4, 31.3 and 100% re- 
spectivelj', and all animals Avhich developed 
gangrene did so Avithin 6 days of the injec- 
tion of ergotamine. 

Statistical analysis of the pooled data from 
the control, heparin and dicumarol experi- 
ments for the incidence of gangrene, as a 
function of the dose of ergotamine, revealed 
that no significant difference in the incidence 
of gangrene AA’as attributable to the dose of 
ergotamine administered. Therefore, in eval- 
uating the incidence of gangrene as a function 
of the treatment, the animals in the 3 dosage 
groups under any particular regime AA'ere 
pooled to giA'e a figure representing the inci- 
dence for the group (Table I). 

The incidences of gangrene in the control, 
heparin treated and dicumarol treated groups 
AA-ere 35.1, 39.1 and 37.1% respectively. 
Statistical analysis rCA'ealed no significant dif- 
ference betAA’een these groups. 

There AA-ould appear to be two possible ex- 
planations for the failure of heparin or di- 
cumarol to reduce the incidence of ergotamine 
induced gangrene in the rat. They are (1) 
thrombosis does not contribute to tlie dcA'cI- 
opment of gangrene or (2) the anticoagulants 
employed were IneffectiA’c in preventing 
thrombosis. 

Jlicroscopic examination of the tails of 
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Ralph G. Janes. 

From the Department of Anatomy, State University of Iowa, Iowa City, Iowa. 


Alloxan is usually effective in producing 
diabetes in experimental animals whether it 
is administered subcutaneous^ or intramus- 
cularly,^ intraperitoneallj'," intravenously® or 
enterally.^ This drug has a greater diabeto- 
genic action when given to rats which have 
been fasted 2 or 3 daj^s.® Furthermore, the 
selective action of alloxan, in destroying cer- 
tain cells of the pancreatic islets, takes place 
within a few minutes following its admin- 
istration.®'"^ 

Since the action of alloxan is limited to 
such a short period of time following its ad- 
ministration, the present study has been 
undertaken in order to determine whether 
the liver might be responsible for the inactiva- 
tion of this substance. Intrasplenic injections 
permit the alloxan to pass through the liver 
before it reaches the pancreas. 

Material and Methods. One hundred and 
twelve adult male rats of the Long-Evans 
strain were used in this study. The animals 
were given intrasplenic injections of a 25% 
solution of alloxan and the dosages used were 
SO, 88, 125 or 150 mg/kg. The rate of injec- 
tion, controlled by a micrometer syringe, var- 
ied in the different animals but the most satis- 
factory rate tried was 1/100 cc/min. Control 
rats received either intraperitoneal or sub- 

• This study was aided 'by a grant from Hoft- 
mann-LaEoche, Inc. 

1 Dunn, J. S., and McLctchie, N. G. E., Lancet, 
1043, 2, 3S4. 

e Goldncr, M. G., and Gomori, G., Pnoc. Soc. 
Exp. Biol, axd Mnn., 1043, o-l, 2S7, 
a Bailey, C. C., and Bailey, O. T., J. A. .If. A., 
1043. 122, nCu. 

■» Euhen, .T. A., and Yardumian, K., Am. J. Clin. 
Path.. 104.-.. I.", 230. 

Kass, E. n., and Waisbren, B. A., Bnoc. Soc. 
Exp. Biol. .\xd Mnn., 1043, 00, 303. 

c Hughes, n., Ware. L. E., and Young, F. G., 
Lancet, 1044, 1, 14S. 

rPalay, S. E., and Earnroiv, A., Anal. Dec.. 
1040, no. 3.3. 


cutaneous injections of alloxan in the same 
amounts and at the same injection rate as 
was injected intrasplenically. 

The rats were placed in metabolism cages 
for urine collections on the eighth and fif- 
teenth days, respective!}", following the in- 
jection of alloxan. Only rats with a 2-4-|- 
urine sugar were considered to be diabetic. 
At the end of the 15-day period samples of 
tissue were taken for histological examination. 
Both the splenic and duodenal portions of tlie 
pancreas and pieces of liver ^vere fixed in 
Bouin’s solution. 

Results. Considerable variation ivas seen 
in the response of the rats to the intrasplenic 
as well as the intraperitoneal injections of 
alloxan. Certain animals were not able to 
tolerate the toxic effects of the drug, regard- 
less of the route of administration and differ- 
ences in .the injection rate and the amount of 
alloxan administered accounted for some var- 
iation. The data for the animals which were 
not fasted before they received the alloxan 
are shown in Table lA. The rate at which the 
injections were given is not indicated on the 
table. In most instances, however, the control 
rats received intraperitoneal injections of the 
same amount of alloxan, at the same rate, 
as did the animals which were given injections 
intrasplenically. The smaller amounts of al- 
loxan were usually more effective in producing 
diabetes when injected rapidly into the 
spleen than 3vhen given intraperitoneally. 
However, if 125 mgAg 3vere injected rapidly 
into the spleen, the animals usually died. 
Death in such cases 3vas probably due, in 
many instances, to infarcts in tlie liver. The 
lobes of such livers showed a marked necrosis, 
although the crown region was generally nor- 
mal. 

Animals which received tlie drug intra- 
splenically tolerated it much better when in- 
jections were made at a slower rate (1/100 
cc/min.) but a given amount of alloxan 3 vas 
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bleeding occurred when the tail was amputated 
wthin 1-2 cm of the base. Normal animals, 
so amputated, showed vigorous hemorrhage 
and even spurting of blood. The failure of 
the major arteries of the tail to bleed when 
transected implies practically complete clos- 
ure of these vessels by ergotamine. 

The time required for fluorescence to ap- 
pear in the tail of rats receiving ergotamine is 
not to be construed as a measure of the dura- 
tion of the action of ergotamine on this vas- 
cular bed. A highly diffusable substance, such 
as fluorescein, could slowly accumulate to a 
sufficient concentration to give fluorescence 
of the tissues, even in the presence of severe 
vasoconstriction. A different tjqie of test w.is 
devised to give information as to the duration 
of the vascular impairment produced by ergo- 
tamine. 

Seventy-seven rats were given fluorescein 
within 6 hours after having received ergota- 
mine and another group of 37 rats were 
given the dye 24 hours after ergota- 
mine. It was arbitrarily decided that all ani- 
mals in which the time required for fluores- 
cence to appear in the tail was longer than 
one hour should be classed as having a ser- 
iously impaired circulation. In the group 
tested within 6 hours after the administration 
of ergotamine 66 or S5.7% of the animals had 
seriously impaired circulation to the tail. In 
the group tested 24 hours after the adminis- 
tration of ergotamine 19 or 51.1% had seri- 
ously impaired circulation to the tail. Thus, 
in approximately half of the animals a single 
dose of 12.5-25.0 mgAg oi ergotamine can 
cause nearlj' complete vascular occlusion of 
the tail vessels, lasting for at least 24 hours. 

It can be seen in Table II that a significant- 


ly greater incidence of gangrene de%’eloped in 
those animals which, by the fluorescein test, 
still showed seriously impaired circulation to 
the tail 24 hours after the administration of 
ergotamine, than in tliose which did not. The 
coefficient of association between the per- 
formance on the fluorescein test carried out 
at 24 hours and the incidence of gangrene is 
of such magnitude (0.417) as to implj^ that 
the test is of considerable value in estimating 
the prognosis. 

It ma\’^ be assumed that an agent, to be 
effective against such gangrene, should be 
able to bring about fluorescence in a tail in 
which it did not appear as a consequence of 
the action of ergotamine. Frisco], papaverine, 
magnesium sulfate, aminophylline, nicotinic 
. acid, alcohol, ether, demerol, histamine, me- 
thacholine and histidine-ascorbic acid were 
shown to be incapable of producing such an 
effect, and the tails of animals so treated re- 
mained nonfluorescent. 

Summary. Twenty-four hours after the ad- 
ministration of a single dose of ergotamine 
tartrate, appro.ximately 50% of rats showed, 
■by means of the fluorescein test, a seriously 
impaired circulation to the tail, due to marked 
constriction of the major arteries of the tail. 
Forty to 50% of rats receiving a single dose 
of 12.5-37.5 mg/kg of ergotamine tartrate 
may be e-xpected to develop gangrene of tlie 
tail and to begin to do so within one week 
of the injection of ergotamine. Anticoagulants, 
such as heparin and dicumarol, do not alter 
the inridence of ergotamine induced gangrene. 
It is concluded that the thrombosis, obsen'ed 
to be associated with this process bj'^ others, 
is incidental rather than contributorj'' to the 
vascular occlusion. 
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Effect of Fagarine on Auricular Fibrillation.* 
David Scherf. 

From the Department of Medicine, Ike Mew Tori: Medical College. 


In 1932 it %va5 demonstrated that an alka- 
loid from an Argentinian plant, Fagara coco, 
exerts a depressant action on the heart.* 
Subsequent investigations showed that the 
purified alkaloid, fagarine, raised the fibrilla- 
tion threshold during faradization of the 
ventricles- and that it may prevent the fibril- 
lation which follows ligation of the coronary 
arteries." 

The action of fagarine on the established 
auricular fibrillation has not been tested be- 
cause no method was available to elicit this 
disturbance for a period of sufficient duration 
without employing other measures which 
would influence the results. Post-faradization 
fibrillation is not stable and changes, as a 
rule, quickly into normal sinus rhythm. Au- 
ricular fibrillation persists for a longer lime 
if faradization is combined with the adminis- 
tration of physostigmine, muscarine or choline 
derivatives. These substances, however, 
have side-effects on the cardiac muscle which 
make an ex’aluation of the e.xperimental 
results difficult. If, however, 0.05 cc of a 
0.05% solution prepared from aconitine crys- 
tals is injected subepicardially into the area 
of the sinus node in dogs it leads to auricular 
fibrillation or auricular flutter of long dura- 
tion and permits the study of Uie effect of 
rapidly acting drugs. Such attacks of fibrilla- 
tion occasionally last for more than an hour.* 

Method. In 10 dogs the chest and the peri- 
cardium were opened in the usual way under 

* Oar llvanks arc due to the Lahoratorics Apo- 
tiirg in Cordoba, Argentina, for the supply of the 
f.agarinc. This study was supported by .a gr.ant 
from Bernliard Altmann. 

1 Stuckert, G., and Sartori, A., Jlcr. Vnir. Xac. 
Corhoda, Argent., 1032, It), 12. 

2 Arois-=( t do Espancs, E., and Moyano Xav.arro, 
B., C. i:. .?or. jJiof., 103S, 127, 510. 

•1 Moisset do Espanes, E., C. F. Soe. Dial., 19.3S 
lUT, 2,33. 

SVIierf, D., .'In. Ifenrt .T., in pros?. 


nembutal anesthesia and artificial respiration.. 
Both vagi were severed in the neck in 7 ex- 
periments. The electrocardiogram was taken 
in Lead II. After the appearance of persistent 
auricular flutter or fibrillation 0.004 gA-g of 
alpha-fagarine chloride was injected intra- 
venously. 

Results. In all 10 experiments the flutter or 
fibrillation disappeared within one minute 
after the injection ended. Fig. la shows 
auricular fibrillation and its sudden change 
into sinus rhythm noth a rate of 250 follow- 
ing an injection of 0.03 g of fagarine. In 
Fig. lb auricular impure flutter changes into 
a sinus rhythm with a rate of 166. The sinus 
tachycardia following the disappearance of 
fibrillation is due at least in part, to the 
division of the vagi. In those e.xperiments in 
which the vagi were intact the results were 
the same. 

Table I gives the time interx'als between the 
end of the intravenous injection of fagarine 
and the disappearance of the prevailing ar- 
rhythmia. 

Following the injection of fagarine, faradic 
stimulation of the vagi, even with strong 
currents, had only a very slight effect on the 
cardiac rate and on a-v conduction. If larger 
doses of fagarine are used (O.OlAg) the 
faradic stimulation of the vagi is without 
effect.' 

Inspection of the exposed heart showed no 
evidence of dilatation or any disturbance of 
contractility following the fagarine injection. 
This should be emphasized because definite 
dilatation and weakening of cardiac contrac- 
tions does appear immediatcli' if quinine or 
quinidine is injected in a dose sufficient to 
abolish fibrillation. slight prolongation of 
the a-v conduction time, amounting to only 
0.01-0.02 second appeared at the height of 
fagarine effect, and the RS-T segments were 
slightly depressed but no other changes were 
found in the electrocardiogram. This point 
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TABLE I. 

Effect of Alloxan Injections. 
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less effective in producing diabetes. 

A more uniform response was obtained and 
no deaths occurred when the rats were fasted 
2 days before they were injected slowly with 
alloxan (Table IB). In the rats studied, 88 
mg of alloxan per kg was not sufficient to 
elicit diabetes when given intrasplenically or 
intraperitoneally, while ISO mg resulted in 
a severe diabetes when injected by either 
method. When 125 mgAg was given, diabetes 
was produced in 7 out of 8 rats when injected 
intrasplenically, in 8 out of 12 rats when in- 
jected subcutaneously, and in 6 out of 10 
rats when given intraperitoneally. Within the 
limitation of the number of animals used in 
this study it was noted that diabetes in the 
latter group of animals was not so severe as 
in the other 2 groups. _ ^ ^ . 

The islets in both the splenic and duoden.a. 
portions of the pancreas were e.xamined histo- 
logically in an attempt to determine whether 
one portion of this gland might be more sus- 
ceptible to the alloxan. Islet damage, however, 


was not localized in any particular region of 
the pancreas. 

Comment. Since alloxan injected intra- 
splenically is just as diabetogenic as when 
given subcutaneousl.v, indications are that 
this drug is not inactivated specifically in the 
liver. However, when administered intrasplen- 
ically, allo.xan appears to be slightly more 
effective in producing diabetes than when 
given intraperitonealljE A possible explanation 
for this variation is that after the latter meth- 
od of administration, the allo.xan is absorbed 
over a large area of the peritoneal caviti’’ and 
is thus diluted to a greater extent before 
reaching the pancreas. 

Summary. The present observations indi- 
cate that allo.xan is just as effective as a dia- 
betogenic agent when given intrasplenically 
as when given subcutaneously. Similar 
amounts of alloxan given intraperitoneally 
result in many instances in a milder diabetes. 
It appears that alloxan is not inactivated 
specificall}' in the liver. 
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Selye' reported a technic for the trans- 
formation of the kidney into a purely endo- 
crine organ in the rat. This technic consists 
in partially constricting the aorta between 
the origins of the 2 renal arteries by means of 
a ligature adjusted so that the blood pressure 
in the kidney below the constriction (in the 
rat the renal arteries leave the aorta at differ- 
ent levels) decreases to a point where no 
fdtration occurs. To further insure against 
filtration taking place in that kidney the 
ureter is tied off and cut. The circulation of 
blood remains adequate, however, for the 
nutrition of the organ. Rats so treated have 
been shown to develop a very acute form of 
malignant hypertension.- The present e.\-peri- 
ment deals with the determination of the 
arginase and phosphatase content of these 
kidneys, which are non-functional as regards 
urine formation. 

Procedure. Twelve female albino rats weigh- 
ing between 150 to 160 g were used in our 
experiment. The operation as described by 
Selye and Stone- was performed under ether 


anesthesia. Seven days later the animals were 
sacrificed and the kidneys removed, weighed 
and placed in separate vials containing S ml 
of distilled water; the right (normal) kidneys 
served as controls. Five samples were then 
sent fresh by air mail to Rochester where they 
were analyzed for the various enzyme activ- 
ities by the previously described procedures.®'® 
Results. There is a marked, indeed almost 
a complete, disappearance of both arginase 
and “alkaline” phosphatase from the “endo- 
crine” kidney (Table I). The “alkaline” 
phosphatase was determined also with the 
addition of magnesium sulfate" to the sub- 
strate mixture in order to rule out the possi- 
bility of lack of activator instead of a de- 
crease in amount of this enzyme. The increase 
in activity was identical for the 2 sets of 
tissues, 47.7 and 46.7% for the “endocrine” 
and normal kidneys respectivelj’. The change 
in “alkaline” phosphatase is in agreement 
with the observations by Wilmer® on the 
kidneys of rabbits and rats after ligature of 
the ureters. 


TABLE I. 


Kidney 

N'ormal 
Endocrine 
Vc di(T. 

U =: Units. 

* Follovr of tlic C-mndian Katinnal Besc.arcli 
Council. 
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Pig. 1. 

Pig. la (upper figure) shows tlie termination of auricular fibrillation and Fig. lb (lower) 
the termination of auricular impure flutter by an intravenous injection of fagarine. 

TABLE 1. 


Time of Disappearance of Arrhythmia. 


Date 

Prevailing arrliytlimia 

Time of disappearauce 
of arrliytlimia, 
seconds 

Beinarks 

9/30 

fibrillation 

48 

vagi 

intact 

10/7 

3 3 

36 

3 3 

severed 

14 

flutter 

55 

3 3 

intact 

21 

fibrillation 

12 

3 3 

severed 

11/11 

3 3 

25 

33 

33 

25 

3 3 

18 

3 3 

intact 

1/7 

3 3 

25 

3 3 

severed 

2/26 

3 3 

22 

33 

33 

4/22 

flutter 

31 

33 


5/13 

fibrillation 

42 

3 3 



is also emphasized because the clinical ad- 
ministration of the drug occasionally leads to 
serious disturbances of stimulus formation 
in the ventricle. 

The systolic blood pressure showed a tem- 
porary rise lasting only 2 to 5 minutes and 
amounting to 30-40 mm Hg. In all experi- 
ments the original values of blood pressure 
were registered within 5 minutes. 

Following the injection of fagarine renewed 


subepicardial injection of the aconitine solu- 
tion had no effect on the e.xisting sinus rhythm 
for about 45 minutes. After this time it was 
possible to elicit tachycardias and fibrillation 
for a second time with this method. 

Summary. The intravenous injection of 
fagarine in dogs with an auricular flutter or 
fibrillation caused b}"^ aconitine abolishes these 
arrhythmias within one minute and leads to 
the reappearance of sinus rhythm. 




16204 

Enzyme Studies on the “Endocrine Kidney.” 


61 


Chables D. Kochakiax and Pave Dontigny.* 

From Ihc Vepnrtmcnl of Flipsiology and Titad Economics, Vnivcrsily of Fochcsicr, and the 
Instdnt dc iCCdccinc ct dc Gliiriirglc Erperimentatcx, Vnivcrs-itv dc Mnntrtof. 


Selye^ reported a technic for the trans- 
formation of the kidney into a purely endo- 
crine organ in the rat. This technic consists 
in partially constricting the aorta between 
the origins of the 2 renal arteries by means of 
a ligature adjusted so that the blood pressure 
in the kidney below the constriction (in the 
rat the renal arteries leave the aorta at differ- 
ent levels) decreases to a point where no 
filtration occurs. To further insure against 
filtration taking place in that kidney the 
ureter is tied off and cut. The circulation of 
blood remains adequate, however, for the 
nutrition of the organ. Rats so treated have 
been shown to develop a very acute form of 
malignant In-pertension.- The present experi- 
ment deals with the determination of the 
arginase and phosphatase content of these 
kidneys, which are non-functional as regards 
urine formation. 

Procedure. Twelve female albino rats weigh- 
ing between 150 to 160 g were used in our 
exTieriment. The operation as described by 
Sclyc and Stone- was performed under ether 


anesthesia. Seven days later the animals were 
sacrificed and the kidneys removed, weighed 
and placed in separate \dals containing 5 ml 
of distilled water; the right (normal) kidneys 
served as controls. Five samples were then 
sent fresh by air mail to Rochester where they 
were analyzed for the various enzyme activ- 
ities by the previously described procedures.^ 
Results. There is a marked, indeed almost 
a complete, disappearance of both arginase 
and “alkaline” phosphatase from the “endo- 
crine” kidney (Table I). The “alkaline” 
phosphatase was determined also with the 
addition of magnesium sulfate" to the sub- 
strate mi.\ture in order to rule out the possi- 
bility of lack of activator instead of a de- 
crease in amount of this enzyme. The increase 
in activity was identical for the 2 sets of 
tissues, 47.7 and 46.7% for the “endocrine” 
and normal kidneys respectively. The change 
in “alkaline” phosphatase is in agreement 
with the observations by IVilmer® on the 
kidneys of rabbits and rats after ligature of 
the ureters. 
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It is of special interest that the “acid” phos- 
phatase, in contrast to the other enzymes, de- 
creased in total amount but not in concentra- 
tion (units per gram of tissue). It would seem, 
therefore, that this enzyme is necessary for 
the integrity of the cell and perhaps its endo- 
crine function while the “alkaline” phos- 
phatase and arginase are necessary only in 


connection with urine formation. 

Smnmary. In “endocrine kidneys” there is 
a marked indeed almost a complete disappear- 
ance of both arginase and “alkaline” phos- 
phatase. On the other hand the “acid” phos- 
phatase decreases in total amount but not 
in concentration. 
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Activation of Hypertensin and Tyrosine by Subthreshold Amounts of 

Epinephrine.*' 

E. INIylon and J. H, Heller. (Introduced b_v M. C. Winfernitz.) 

From the Dciwrtmcnt of Faiholoffp, Yale University School of Vccliciiic. 


Fractions of hog kidney containing renin 
do not produce constriction of the vessels of 
the rabbit’s ear until subthreshold amounts of 
epinephrine are added to the perfusate.^ Sim- 
ilar vaso-activation of liver fractions by 
epinephrine has been noted when they are 
combined with subthreshold amounts of 
epinephrine.- Fresh plasma is also capable 
of activating liver fractions.® This last ob- 
servation is of interest because of the report 
that vaso-inactive renin-containing kidney- 
fractions become vasoconstrictive when plasma 
is added to the ear perfusate.'* This was 
ascribed to the formation' of hypertensin 
rather than to the activation of renin by- 
plasma. Since a similar constriction occurs 
following the addition of plasma to liver frac- 
tions under circumstances that would seem 
to be incompatible with the formation of 
hyfpertensin, a reinvestigation of the action 
of hy^pertensin on the vessels of the rabbit s 
ear was undertaken. 


■- Aided by a grant from the Comiiuiiinr.-ihh 
Fund. 

i^Iyloii, E., Horton. F. II., and Levy. R. P.. 
Pnoo, Soc. E.\-p. Bioi- ano Meo.. liUt. «(>. eT.',. 

sllyloii. E., Horton. P. H.. :ind Levy, R. P., 
Pr.oc. Soc. Exp. Hror.. a.vo JtEO.. 1!)47, 00, 3TS. 

siMylon, K. .uid Heller. .1. H.. Pr.oc. Soc. E.\p. 
Biol, and Hed.. 1047. 00, .HP. 

4 Page, I. IL, .and Heliner. 0. H.. J. Erii. Mat.. 

1940, 71 , 29. 


The e.vperiments that follow show that 
hyfpertensin, a protein fraction, constricts the 
vessels of the rabbit’s ear only- when the 
perfusate is supplemented with traces of 
epinephrine or fresh plasma. This suggested 
the possibility that parts of the protein mole- 
cules, c. g., peptides or even amino-acids, are 
responsible for the observed effect. .Accord- 
ingly, the studies were e.ytended to encomp.ass 
a large majority^ of the known amino-acids. 
Special attention was directed to tyrosine, 
ty-rosine-containing peptides, and a tyrosin- 
amide in accord with Cruz-Coke’s® hy-pothesis 
that tywosine molecules are necessary- for the 
iti vivo action of hypertensin. 

Hlatcriah and Methods. Hy-pertensin was 
prepared from purified hog renin with the 
bovine globulin Fraction (.Armour) serv- 
ing as substrate. Three hundred cc of a 
solution of substrate were buffered at pH 7.5 
and incubated for 10 minutes with 2-3 Swingle 
units of renin. XI HCl was then added to 
bring the pH to 5.2 and the mixture im- 
mersed in boiling water for 10 minutes. The 
coagulated proteins were then removed by 
filtration and the almost wafer-clear filtrate 
lyophilizecl. The lyophilized material was 
taken up in 16 cc of distilled water and the 
small residuum of undissolved particles was 

Criiz-Cobe. E., New York .\r;i(lcniy of Sviciiccs, 
Section of Biology, Fchniiiry V otul 194.7; 
Scirnre, Ln4(!. 101, No. 2fi9L 
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T I S' " IN MINUTES 

Fig. 1. 

^Ylnlc the citcct of 1 cc of epincplirinc 1:5,000,000 is lllininl.^l .tikI tlie effccf of 1 iiiiit of 
liyportoiisin is sliglitly dilating, combination of tiiD two causes a strong and sastaincd constric- 
tion of tlie vessel of tlie rabbit’s car. 


removed by centrifugation. Four cc of each 
lot was found to contain between 6 and 8 dog 
units of hypertensin as tested in the living 
animal. The remaining 12 cc of each lot 
were n.scd in perfusion experiments, in 
amounts equivalent to from one-third to 2 
dog unit.s. The car perfusion technic has 
been described.^ 

Pars of young albino rabbits seemed to be 
more .'sensitive than tho.=e of older rabbits and 
of other types. A preparation was judged to 
be suitable wlien the initial drop rate per 
mimile was between 100 and 160, and in 
addition when an injection of 1 cc of a 
1 : 5,000.000 or 1 cc of ;i 1 : 10,000.000 solution 
of epinephrine caused minor and transient 
constrictions. Experiments were considered 
valid only when a terminal injection of 
epinephrine reproduced a reaction similar to 
tlie inilial one. The order of the injections 
nilh the different materials was varied. 

The plasma was prepared according to the 


technic of Landis.” The epinephrine used 
was Parke Davis 1:1000, and the dilutions 
were prepared as described previously.^-* 

The amount of an amino-acid, amide or 
di]>eplide used for a single injection was be- 
tween 1/100 and 1/200 of a millimole; for 
/-tyrosine it was always l/'200 of a millimole. 
The pH of the Ringer-Locke solution (7.3) 
was not changed by the addition of the small 
amounts of the test substances. 

The following amino-acids were used: 
<//-phcnylalanine. <//-alaninc, r//-scrine, /-valine, 
glycine, /-cystine, /-tryptophan, f//-glutamic 
acid, /-aspartic acid. f//-]ysine. /-leucine. 
f//-isoicncine. rff-norlencine. r//-threonine. /-pro- 
line. /-tyrosine, /-hydroxyfirnline. /-histidine. 
r//-arginine and r//-mct bio nine. 

The tyrosine-containing dipeplides glvcyl-/- 
lyrosine and /-tyrosyl-giycin. niul aho'thc 

iTmiMiN. K. M.. Wm,!, .1. K.. .Tr.. 

. 1 . 1 ... .hi:, .r. i;?:i, -jc;. 
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Fjc. 2. 

Insignificant effect of epineplirine' and Z-tyrosiue aione in contrast to tlic 
strong vasoconstriction elicited by a combination of both. 

Ammxnts injected: 

Epinephrine: 1 cc of a sol. 1:5,000,000. 

Z-TjTosino: 0.005 millimole. 


tyrosine-amide acetate were tested. t 
Iodine was introduced into the tyrosine 
molecule by slowly adding n/10 aqueous 
iodine solution to n/1000 solution of f-tyro- 
sine until a faint yellow color remained. After 
keeping the mi.xture in the dark for several 
hours, the e.xcess iodine was removed by 
heating. 

Results and Brief Discussion. Hypertensin 
alone: A^either the initial injection of hyper- 
tensin nor its subsequent introductions into 
the perfusion circuit produced vasoconstric- 
tion as determined in numerous e.xperinients 
with 15 different lots. A slight vasodilation 
was the usual sequel of the addition of hyper- 
tensin to the perfusion fluid. 

Hypertensin plus epinephrine: On the 

f We are indebted to Dr. J. S. Frutoii for the 
generous supply of glycyl-Z-tyrosnic (l-tyrosyl- 
glycine), and tyrosinc-amidc-acctatc. 


other hand, when hypertensin was combined 
with subthreshold amounts of epinephrine, 
powerful and sustained vasoconstriction fol- 
lowed. A t 3 'pical result can be seen in Fig. I. 
A total of 28 perfusion experiments were car- 
ried out to test the effect of the combination 
of hypertensin with subthreshold amounts of 
epinephrine. The vasoconstriction that fol- 
lowed was so intense in 14 instances that 
the vessels of the ear reduced the drop rate 
90 to 99% for 4 to 18 minutes and 
100% for 20 minutes. In 10 of the other 14 
tests the drop rate was reduced 60 to 90% 
for from 3 to 8 minutes and in the remaining 
4 e.N'periments a more moderate reduction of 
50% was observed, lasting from 1 to S 
minutes. 

Hypertensin plus plasma: When 1 cc of 
fresh rabbit plasma was used in place of 
epinephrine in combination with hypertensin. 
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Fig. 3. 

Strong ynsoconstriction is solelj- elicited by 7-tyrosinc plus cpiiici)lrrine and not by 
a combination of other amino acids and epincpbrinc. 

Amounts injected: 

Epinephrine: 1 cc of a sol. 1:5,000,000. 

Z-Tyrosine: 0.005 millimole. 

The other amino acids: 0.01 millimole. 


a Strong vasoconstriction was elicited. This 
effect was only obtainable with fresh plasma 
and incubating the plasma for 8 hours abol- 
ished its ability to activate hypertensin. These 
results are analogous to those previously re- 
ported, in which liver fractions were combined 
with fresh and incubated plasma.^ 

On the basis of the identical results obtained 
with plasma plus renin‘ and plasma plus 
hypertensin. it could not be decided whether 
the obser\'ed constriction followed a direct 
action of plasma on renin or an action of 
plasma on hypertensin. The specificity of the 
renin-hyperlensinogcn reaction on the other 
hand suggested additional cxi>eriments in 
which it was found that renin itself is being 
activated. V.asoinactive pig renin, unable to 
cat.alyze hypertensin formation with human 
hypertensinogen. in combination with vaso- 
inactivc human plasma produced a significant 


constriction in the vessels of the rabbit's ear. 

AviiitO'acids: A total of 95 e.xperiments 
involving one or anotlier of 20 different amino- 
acids failed to demonstrate any effect when 
these were added individually to the rabbit’s 
ear perfusate. More important is the fact 
that with one exception, tyrosine, there was 
only an inconstant, slight and transient 
response, for any one compound when traces 
of epinephrine were added to the perfusate. 
.Addition of epinephrine to the tyrosine-con- 
taining perfusate was followed by a sharp and 
sustained decrease in the drop rate, 45^0 to 
90^J. for from 3 to 9 minutes (Fig. 2 and 3). 

Tliese findings led to the e.xploration of 
other tyrosine-containing compounds includ- 
ing glycyI-/-tyrosine. /-tiTosyl-glvcine, and 
tyro.dnc-amide-acetate. Xeedless to say they 
had no influence when added to the Ringer- 
Locke perfusate. This status persisted when 
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FlO. 2. 

Insignificant effect of epineplirinc and i-tyrosine alone in contrast to tlic 
strong vasoconstriction elicited by a combination of both. 

Amounts injected: 

Epineplirine: 1 cc of a sol. 1:5,000,000. 

1- Tyrosine: 0.005 millimole. 

tyrosine-amide acetate were tested. t other hand, when hypertensin was combined 

Iodine was introduced into the tyrosine with subthreshoJd amounts of epinephrine, 
molecule by slowly adding n/lO aqueous powerful and sustained vasoconstriction fol- 
iodine solution to n/1000 solution of f-t}'ro- lowed. A typical result can be seen in Fig. 1. 
sine until a faint yellow color remained. After A total of 28 perfusion e.\-periments were car- 
keeping the mi.\'ture in the dark for several ried out to test the effect of the combination 
hours, the excess iodine was removed by of h^-pertensin with subthreshold amounts of 
heating. epinephrine. The vasoconstriction that fol- 

Rcsults and Brief Discussion. Hypertensin lowed was so intense in 14 instances that 

alone: Neither the initial injection of hi'per- the vessels of the ear reduced the drop rate 

tensin nor its subsequent introductions into 90 to 99^0 for 4 to IS minutes and 

the perfusion circuit produced vasoconstric- 100% for 20 minutes. In 10 of the other 14 

tion as determined in numerous e.xperiments tests the drop rate was reduced 60 to 90% 

with IS different lots. A slight vasodilation for from 3 to 8 minutes and in the remaining 

was the usual sequel of the addition of hyper- 4 e.vperiments a more moderate reduction of 

tensin to the perfusion fluid. 50% was observed, lasting from 1 to 8 

Hypertensin plus epinephrine: On the minutes. 

t We .arc indebted to Dr. J. S. Frutou for tlie Hypertensin plus plasma: 'When I cc of 
generous supply of glycyl-I-tyrosinc (/-tyro.wl- fresh rabbit plasma was used in place of 
glycine), and tyrosinc-:imide-.acctatc. epinephrine in combination with hypertensin. 
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tyrosine molecule abolished tbe constrictor 
action entirely. 

The conclusion drawn from these findings 
is that constriction of the blood vessels of the 


rabbit’s ear is dependent to a large degree 
upon traces of epinephrine and tyrosine- 
containing compounds of special configuration. 
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Prevention of Experimental Dietarj' Hepatic Cirrhosis by Goitrogenic 

Substances. 

Paul Gyorgy, Catharine S. Rose, and Harry Goldblatt. 

From the Dcjinrfmruf o/ PciUniria anti the DcparlmttU of Medicine, Itclwol of Medicine, 
rniversiti/ of Pennaidvanio, Philadelphia, and the InstUnIe for Medical Pcscarch. Cedars of 
Lebanon Hospital, Los Angeles, Calif. 


In previous observations’ thiouracil. and to 
some extent thiourea, exerted a beneficial 
effect in the prevention of dietary cirrhosis of 
the liver in rats. In animals receiving thio- 
urea the food intake was generally very low 
and their weights showed a rapidly progres- 
sive decline. In contrast, the general well 
being of rats fed the same basal ration mi.xed 
with thiouracil (O.l^e iu the diet) remained 
undisturbed. The weight losses sustained 
were smaller than in the control animals with- 
out any appreciable difference in the average 
food intake in the two groups. 

The beneficial effect of thiourea and thio- 
uvacil in the prevention of experimental 
dietary cirrhosi.^ has been related to their 
effect on thyroid function, specifically to the 
decrea-ed metabolic rate including tbe metab- 
olism of protein. Decre.i.scd turnover of 
proteins pertain.s also to that of their con- 
stituents, ineluding methionine, which is one 
of the key .suiistancc.s in the p.athogenesis of 
dietary hepatic injury." 

It is difficult to furnish direct proof for the 
corrcclne-s of this as>umpiion. Tlie demon- 
stration of strict parallelism between goitro- 
genic activity and preventive effect on hcpalir 
cirrhosis may ^ervc a.s indirect circumstantial 
evidence. Tlic superior effect of thiouracil 
over thiourea i- in good accord with the.-e 

! Gvorgy. l’„ ;iHi! lUiWlAutt, U., ,<riei!c- . 

log. s.-.i. 

e S,‘,' UtcraUiri-. GyArcy, 1\, . 1 ) ,. ,1. fVj.i. Patl... 
3t>14. 1 1. or. 


considerations. In this connection it seemed 
advisable to include propyl-thiouracil and 
aminothiazole in these investigations. Propyl- 
thiouracil is at present probably the most 
effective goitrogenic agent available, .-\mino- 
thiazole, when first used, was reported to be 
very effective in the treatment of hyper- 
thyroid conditions.^ However, pharmacolog- 
icaP and more recent clinical studies' are at 
variance with this conclusion and support the 
view that aminothiazole is less effective and 
more toxic than propyl-thiouracil or even 
thiouracil. 

Experimental. During the course of our 
studies extending over several years it became 
evident that even without any change in the 
basic composition of the experimental cirrho- 
sis-producing diet the results, .«uch as inci- 
dence and severity of cirrhosis, food intake, 
weight change.';, and survival time, may vary 
at variou.< times. These variations— -admitted- 
ly within narrow limits — are probably due to 
ch.angc5 in the composition of the fat u.-cd 
(perhaps in addition to obscure climatic inilii- 

a ^crr.^lllt. M.. ami Ilovct, ]>.. Jir.uiU.. d'Liiih,- 
imr,. r>, sc; i. uiic,. }_ 7;;!; 
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TIME IN MINUTES 

Fig. 4. 

The constrictor effect of i-t,vrosine plus epineplirroe is iimch giontcr tUnu that 
of Atyrosyl-glycirie p!us epinephrine. The effect of glycyI-/-tyrosine nml epin- 
ephrine is insignilicant. 

Amounts injected: 

Epinephrine: 1 ec of a sol. 1:5,000,000. 

?-Tyrosine: 0.005 millimole. 

The dipeptides: 0.01 miiiimole. 


glycyl-Myrosine was supplemented with traces 
of epinephrine. On the other hand, /-tyrosyt- 
glycine and tyrosine-amide-acetate combined 
with minimal amounts of epinephrine had a 
moderate constrictive effect on the vessels of 
the rabbit's ear (Fig. 4). 

The vasoconstrictive effect of tyrosine, it 
would seesn, is abolished when the amino group 
is linked to a carboxyl of a second amino acid. 
When the amino group remains free and the 
carboxyl group is bound by another amino- 
acid or transformed into an amide, the vaso- 
constrictive effect persists to about 50^. 

Another finding still difficult to correlate 
with the coverage of the amino group of 
tvrosine-like compounds is the effect of lodm- 
iktion. This also abolished the vasoconstric- 
tive effect. These results are of interest m 
relation to Criiz-Coke's suggestions- that the 
pressor action of hypertensin vn’o might 


be related to its tyrosine content. 

Summary. Hypertensin has no effect on 
the \-essels of the perfused rabbit's ear. Tt 
becomes strongly vasoconstrictive, however, 
when supplemented with traces of epinephrine 
and also when fresh plasma is added to the 
perfusate. Xone of 20 different amino acids 
tested in perfusion experiments on the rab- 
bit’s ear had any constrictor effect. l\'hfn 
traces of epinephrine were included in the 
perfusion fluid, tiTOsine was the only 'me of 
the 20 that e.vhibited a strong and sustained 
vasoconstriction. Glycy!-f-tyrosine uas inac- 
tive with and without epinephrine. Myrosyl- 
glycine and tyrosine-amide-acetate, both inac- 
tis'e when perfused alone, conslricled the 
vessels if combined with minute amounts of 
epinephrine. The activity of these two com- 
pounds, however, was definitely less than that 
of tiTosine. Introduction of iodine into the 
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absence of serous (partly chylous) effusions 
in the peritoneal, pleural, and pericardial cavi- 
ties, in far better survival rate and in more 
satisfactory weight curves. It was especially 
impressive to the observer that these better 
weight curves were obtained with a food con- 
sumption only 52% of that of the control 
animals fed the same diet without propyl- 
thiouracil. The animals receiving propyl- 
thiouracil exhibited a perfect fur and were 
altogether in an exceptionally good general 
condition. 

As would be e.xpected, in the absence of cod 
liver oil-’® and in the presence of hydrogenated 
fat (Crisco),"^ ceroid was found in the livers 
even of the control animals in only limited 
quantity or not at all. Even these irregularly 
occurring traces of ceroid were missing in the 
animals fed the diet containing additional 
propyl-thiouracil. In contrast, the fat content 
of the liver judged on the basis of histologic 
examination and not by tlie more reliable 
chemical analytical data appeared to stay 
elevated in both the control animals and in 
the experimental animals receiving propyl- 
thiouracil. 

The incidence of acute or subacute necro- 
tizing nephrosis- happened to have been low 
in the present group of control animals, onlj' 
2 rats out of 12 showing these changes. In the 
light of this low incidence in tlie control group, 
the fact that no renal changes were obsen’ed 
in the group of rats receiving propyl-thiouracil 
is of interest but of no statistical significance. 
Atrophy of the testes with suppressed spermat- 
ogenesis was seen in 7 out of 10 rats in the 
control group (A) and in S out of 10 in the 
corresponding group (B) fed propyl-thio- 
uracil. Thus, the injurious effect of the diet 
on the gonads remained uncorrected by 
propyl-thiouracil. 

In contrast to the remarkable preventive 
effect of propyl-thiouracil as documented by 
the data of Exp. I (Table I), aminothiazole 
in the dose given (0.05%) seemed to influence 
only very slightly, if at all, the production of 

Eiulicolt, K. M., .:trc?i. Pntfi., IPi-l, 37, •49; 
Endicotl, K. M., D.nft, P. S., .ami Scbroll, TV. n., 
rr.oc. Soc. Exr. Biol, ako Mr.P., 3944. oT, 330; 
VT.aclistcin, M., ibidrrt, 1943, 59, 73. 

” Oviirpj-, B., iinpublislicd obson-.atioiis. 


dietary hepatic injury in rats (Exp.. II, Tabic 
I). The slight reduction in the incidence of 
cirrhosis in the group of rats fed aminothiazole 
might indicate some beneficial effect but it is 
of no statistical significance. The only sig- 
nificant change brought about by amino- 
thiazole was with regard to the occurrence of 
effusions in the various serous cavities: instead 
of 10 animals out of 15 in the control group 
(A), only 2 out of 15 in the experimental 
group (B) e.xhibited such pathologic manifes- 
tations. 

Again, in contradistinction to the effect of 
propyl-thiouracil, aminothiazole exerted no 
significant influence on ceroid production or 
on food intake, survival rate, and weight 
changes of the e.xperimental animals. The 
liver fat estimated histologically appeared to 
be high in both the e.xperimental (B) and 
control animals (A). There was no difference 
in the incidence of renal or testicular changes 
between the groups not receiving and those 
receiving aminothiazole. 

Discussion. The present and previous' ob- 
servations are in good agreement regarding 
the beneficial effect of goitrogenic substances 
on the prevention of dietary cirrhosis of the 
liver in rats. The parallelism between goitro- 
genic and “anti-cirrhotic” potency is satisfac- 
tory, Propyl-thiouracil which is considered 
the most powerful goitrogenic substance 
proved also to be superior to tlie other goitro- 
genic substances tested in its effect on the 
prevention of dietarx' cirrhosis of the liver. 
As regards their relative effectiveness against 
cirrhosis these substances are in the following 
order: Propyl-thiouracil > Thiouracil > 
Thiourea > Aminothiazole. Of course this 
order applies only to the quantitative condi- 
tions chosen for the present and previous e.x- 
periments. Nevertheless it is of interest tc 
note that on the basis of food intake and mo- 
lecular weight propyl-thiouracil appears to be 
at least 5 times as potent in its effect on the 
prevention of hepatic cirrhosis as thiouracil. 
The daily dose of propyl-thiouracil amounted 
on the average to 1.95 mg, which in itself is 
good support for the assumption that propvl- 
thiouracil and otlier goitrogenic substances act 
with greatest probability through the inter- 
mediary of the thyroid gland. So-called lipo- 
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ences), all other experimental conditions being 
fair!}'' strictly controlled. These observations 
necessitate the liberal use of controls in ex- 
periments in which the effect of a particular 
substance on the production of dietary hepatic 
injury is being investigated. In the present 
report the effect of 6-propyl-thiouracil and of 
2-aminothiazole has been studied in two con- 
secutive experiments. In each experiment 
one group of control animals was placed on 
the basal experimental ration without goitro- 
genic substance, to be compared with a second 
test group of rats receiving the same basal diet 
supplemented with propyl-thlouracil or amino- 
thiazole. Young adult male rats with an 
initial weight of 150-225 g were used through- 
out. 

The basal diet consisted of casein (G.B.I.) 
8, Crisco 40, sucrose 48, salt mixture 4, with 
the admixture of 0.05% propyl-thiouracil or 
0.05% aminothiazole in the corresponding 
group of each experiment. Each animal re- 
ceived daily 20 /xg thiamine chloride, 25 ug 
riboflavin, 20 /tg pyridoxine, and 100 ftg cal- 
cium pantothenate, all dissolved in 1 cc of 
water. Three drops of percomorph oil fur- 
nishing 3750 units of vitamin A and 540.units 
of vitamin D, and 3 mg of mixed tocopherols 
(Distillation Products) were given weekly. 
In addition all animals received 50 mg of 
cj'stine daily with the purpose of accelerating 
and aggravating the cirrhotic changes in the 
liver. As customary, the experimental period 
was 150 days and those rats that survived 
were then killed. The final diagnosis of he- 
patic injury was based, without exception, on 
microscopic examination. !Minor but definite 
cirrhotic changes were marked with -{-, 
whereas more severe cirrhosis was de- 
fined as -h-f to +-f-f +, with proper con- 
sideration for its varx'ing degree in different 
lobes. 

Results. From the tabulation of all the 
pertinent data collected (Table I, Exp. I) it 
becomes evident that propyl-thiouracil when 
added to the basic cirrhosis-producing sim- 
thetic diet exerted a marked preventive effect, 
manifesting itself not only in much lower, 
almost negligible incidence (8 out of 10 ex- 
perimental animals were free from cirrhcsis) 
and in milder degree of cirrhosis, but also in 
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Uketeral Peristalsis ix Uxoper.ated Dogs 


10 CONTROL EXPERIMENT 

_ NEMBUTAL INTRAVEN. 
S-T AT % 4^ MGM./KGM. B.W. 



MINUTES 

Fig. 1. 

Ureteral Peristalsis in Unopcrateil Dog. 


animals. Trattner’s method resulted in a more 
physiologic approach to the study of ureteral 
peristalsis in that anesthesia and operative 
manipulation were eliminated. The present 
work likewise eliminated all operative trauma, 
and also anesthesia except in those experiments 
in which the effects of the anesthetic per sc 
were being investigated. It goes one step 
further to realize the ideally physiologic ex- 
periment in that no catheter is introduced into 
the ureter. Although the presence of a cathe- 
ter in the lower end of the ureter may have 
very little, if any, effect on the activity of the 
upper part of the structure, the absence of the 
catheter is a closer approach to the normal 
state. 

Materials and Procedure. 'Well-trained 
female dogs, weighing approximately 1 1 kilo- 
grams, were loosely restrained lying supine on 
a dog-board. The animals had been without 
food for 24 hours but had free access to water. 
The urinarj' bladder was catheterized with a 
hard-rubber catheter and was washed free of 
urine with distilled water. This preliminary 
catheterization dilated the urethra so as to 
facilitate the passage of the cystoscope (Xo. 
16 Fr. children's cystoscope). .Mter several 
wa.shings of the bladder the catheter was re- 
moved and the cystoscope introduced into the 
bladder without difficulty. No local anc.s- 
thctic was used. One cubic centimeter of a 
sterile A'^c aqueous solution of indigo carmine 
was injected intramuscularly. Three to fifteen 
minutes later the ejection of the dye from 


the ureteral orifice was observed, .•\lthough 
only one ureteral orifice could be watched 
because of the limited visual field of the cysto- 
Ecope, in a few experiments the 2 ureteral 
orifices were so located that the spurting of 
dye from both could be observed simultane- 
ously. (The cur\-es and the table give data 
for one ureter in each experiment, however.) 
The bladder was always distended with about 
50 cc of water to facilitate the observations of 
the spurts of dye. 

After the dye entering the bladder became 
distinctly visible, the number of spurts of 
d\'e was counted, usually for a 2-minute, 
period, followed by a 2-minute rest period for 
the obseiA'er. This alternation of counting 
and rest periods was continued throughout the 
e.xperiment. If the dog was restless the counts 
were made for one minute, followed by a 
2-niinute rest period. The dj'e was frequently 
WcTshed from the bladder with distilled water 
through the cystoscope, the water entering 
from a reser\-oir suspended above the animal. 
Only Uie obser\-ers who began the experiment 
and who were known by the animals were 
allowed in the room during the experiment.al 
period on the unanesthetized animals so as to 
minimize emotional dbturbance of the 
animals. 

The cystoscopic obser\-ation of dye enterin'^ 
the urinar}' bladder of unanesthetized dogs was 
reported by :Milliken and Karr^ in their studies 

3 Millikcn. Ii. F.. ntid Knrr. W. G .T Cro! in^~, 
13, 1. ‘ . 
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tropic substances, such as methionine or 
choline, used for the prevention of hepatic 
cirrhosis, require relatively higher doses to be 
effective. 

Aminothiazole was found to be without 
any significant benefit in doses which on 
the basis of food intake and molecular weight 
were about 3.5 times higher than those used 
for propyl-thiouracil. 

Successful prophylaxis of hepatic cirrhosis 
with goitrogenic substances such as thiouracil 
in the previous^ and with propyl-thiouracil 
in the present studies does not necessarily lead 
to the conclusion that the same approach may 
be successful in the therapy of this condition. 
As a matter of fact, in unpublished experi- 
ments thiouracil appeared to exert no effect 
or even a slightly deleterious one on a frc- 
existiiig cirrhosis in rats. 

As an unexpected indirect result of our 
studies the excellent general nutritional state 
of the experimental animals receiving prop 3 d- 
thiouracil deserves special attention. This 
observation supports the view expressed in 
another connection by several authors® that 
goitrogenic substances could play an important 
role in the feeding and fattening of farm 
animals, and especially in the feeding effi- 
ciency, an all-important economic factor. 
Older experiments were carried out mainly 
with thiouracil. Our own studies seem to 
give propyl-thiouracil a definite edge over 
thiouracil. The practical problem as to 
whether goitrogenic substances are stored and, 
if so, how long in animals receiving them with 
their feed, and whether the ingestion of such 


animat products may exert a toxic (goitro- 
genic) effect on the consumer is beyond the 
scope of this presentation. 

Summary. Admixture of propjd-thiouracil 
{.OSfo) with a cirrhosis-producing S 3 mthetic 
diet will prevent effectively the production of 
dietary cirrhosis in rats. This result is 
achieved with simultaneously reduced food 
intake and is manifested not only in the ab- 
sence of cirrhotic changes in the liver but also 
in the improved general condition of the ex- 
perimental animals and increased feeding 
efficiency. 

Aminothiazole in the dose used (3)^ times 
the equivalent of prop 3 d-thiouracil) was with- 
out an 3 ' significant effect on the production of 
dietary cirrhosis, on food intake, sundval rate 
and weight changes. 

For the goitrogenic substances tested effi- 
ciency in prevention of cirrhosis seems to 
parallel goitrogenic potency. 

SKcmpster, H. L., and Turner, C. AV., Poultry 
Sc., 1945, S4, 04; Andrews, F. N., and Sclmetzlor, 
E. E., iZn'd., 1940, So, 124; Glazener, E, AV., and 
Jull, SI. A., itict, 1940, So, 230; Mixncr, J. P., 
Tower, B. A., and tJpp, C. AV., j&W., 1940, So, 530: 
Beineke, E. P., Davidson, J. A., At'olterink, L. P., 
and Barrett, F. N., iVid., 1940, 20, 410; Andrews, 
E. K., Beeson, AV. 31., Herrick, E. K., and Harper, 
C., P. Animal Sc., 1947, C, 3; Beeson, AV. 31., An- 
drews, E. N., and Brown, P. T., ibid., 1947, fi, IG; 
iluhror, 31. E., and Hogan, A. G., Fnoc. Soc. E.vr. 
Biol, and Med., 1945, GO, 211; ALan dor Noot, 
G. AV,, Bccco, H. P., and SkelJcr, AV. C., J. Animal 
Sc., 1947, G, 12; McMillen, AV. IST., Bcinckc, E. P., 
Bratzicr, L. J., and Francis, 31. .T., ibid., 1947, 

O, 305. 
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Observations on Ureteral Peristalsis in Unoperated Dogs. 

Louis A. Toth. 

From the Department of Pliysiolopy, Louisiana .Slate Vniversity School of .Medicine, Xcic 

Orleans, La. 


Up to the time Trattner’- developed the 
liA'drophorograph for the graphic r ecording 

1 Trattncr, H. B., L. Frol., 1924, 11, 477. 

• 2 Tratfner, H. B., J. Frol, 1932, 28, 3. 


of peristaltic nctivit 3 ’ in the human ureter, 
investigations on ureteral peristalsis were 
carried out on e.xciscd ureters, or on exposed 
ureters hi si fit in anestlietized and operated 
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Inhibition of Typhus and Spotted Fever by Intradermal Inoculation of 
Antiorgan or Certain Normal Sera.* 

Ludwik Akigstein, Dorothy Whitney, and Joe Beninson. 

From the Bcpartmont of Preventive Medicine and Public Health, Vniversity of Texas, Medical 

Branch, Galveston. 


The present report includes one phase o. 
the study on the mechanism of action of 
antiorgan sera (ACS=REIS) on infectious 
processes,^ namely: on the course of typhus 
and spotted fever* in guinea pigs after intra- 
dermal inoculation into an area previously 
infiltrated \vith the antiserum. This involves 
primarily the role of the skin as a natural 
portal of entry and as dermal barrier for these 
infections. 

Methods. A square area (1 cm along each 
side) on the shaved abdominal skin of the 
guinea pig is delineated and injected intra- 
dermally at 4 corners toward the center with 
the serum in 1:5 or 1:10 dilutions (0.1 ml at 
each corner). The center of this area is 
injected 2 hours later with 0.1 ml of a 10% 
brain suspension of a typhus or spotted fever 
guinea pig (Anigstein ct al.-) The antiorgan 
serum was prepared in rabbits with guinea 
pig spleen and bone marrow as antigen ac- 
cording to the original technic of hlarchuk,^ 
and its modifications (Anigstein ct Each 
series of test guinea pigs was accompanied by 
controls injected cither with infective brain 
tissue alone, or in addition, with normal 

• Study aided by grants from tlic .Toiin and Mary 
li. Marble Voundation and from tlio Lilly Rcseareli 
Laboratories. 

t Tlic strain of louse-borne typlnis was .secured 
througli tlic eourlesy of Dr. Jolin P. Fox, Labor.a- 
torics of the International Ilo.altU Division, HoeUe- 
feller Foundation, New York. Tlie Koeky Moun- 
tain spotted fever strain was kindly supplied by 
Dr. P. 11. Parker, Director, Pocky Mountain Lab- 
oratory, U. S. Public Iloaltli .Service. 

I .\nigstein, L., and Poincrat, C. M., Tex, Bcp. 
I!mI. Mcil, IPl.'i, 545. 

- .\nigstein. 1.., cl at., .7. Immunol,, 1914, -48, C9. 

" Marcliuk, P. D., .im. Bcv. Sov. Med., 1943, 
1, 113. 

^ .Vnig-^tein. L., et al., Pr.oc. Soc. Exf. ItioL. akd 
Mr.n.. 1947. <11, 979. 


rabbit serum substituted for the immune 
serum. The potency of the antisera was based 
on complement fixation titers with homologous 
antigen (spleen and bone marrow), and by 
action on the outgrowth of tissue explants 
(Pomerat®). In one series, the globulin frac- 
tion of the antiguinea pig serum in dilution 
1:10 was used. Absorption tests with boiled 
sheep cells of both antiorgan and “normal” 
rabbit sera showing antisheep hemolysins were 
carried out to study the possible role of the 
Forssman antibodies. Groups of 6 to 12 
afebrile guinea pigs of both sexes (400-500 g 
body weight) were used in each series of 
experiments involving various combinations of 
the test sera. Body temperatures of test 
guinea pigs ivere recorded daily over a period 
of 18 days. 

Results. The first series of 6 guinea pigs 
were treated with antiguinea pig rabbit serum 
(dilution 1:10) and 2 hours later injected 
at the site of serum inoculation with the 
brain suspension of a typhus infected guinea 
pig. Of these, 4 animals remained afebrile; 
in one the course of the disease was markedly 
attenuated, and one showed typical typhus. 
All controls reacted with typical fever after 6 
days incubation. Of 6 test animals in another 
series, 5 remained afebrile, while only one 
responded with fever of 2 days duration. Sig- 
nificant results were obtained with antiorgan 
serum No. 91 (complement fixation titer 
1:150; hemolysin titer 1:1000) used in a 
dilution 1:5. Of 5 guinea pigs, 4 remained 
afebrile, one developing fever after 11 days. 
The controls treated with serum (diluted 1:5) 
from the same rabbit (No. 91) bled before 
immunization (“normal” serum), reacted 
with typical typhus. 

Occ.asionally, sera from untreated (“nor- 
mal ”) rabbits att enuate the course of the 

Foiiifr.it, C. M., iinptiWislica d.itn. ~ 
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Experiment No. 


S-r (42 mg/kg) 

S-5 (30 " ) 

S-4 (29 ” ) 

S-5 (27 ” ) 

Controls 
S-8 
S-6 
S-2 
S-1 


B-6 (42 mg/kg) 

B-3 (28 ” ) 

B-5 (25 ” ) 

B-4 (25 ” ) 

B-2 (2S ” ) 

Controls 
B-7 
B-1 


Q-3 (31 mg/kg) 
q-4 (29 " ) 

Controls 
Q-2 

Q-1 


T^LE I. 

Eftects of Anestliesin on TTrcterol Beristnlsis, 



ITreteriil peristaltic activity- 

—per minute 


Pre-experimental 

ExperirDejit.ll (Intravenous nembutal) 

Period 1 

Period 2 

Period 3 

Period 4 

\ 

Period 5 

4.2 (3.5-6.5) 
4.8 (3.0-6.5) 

5.6 (4.5-6.0) 
4.3 (3.5-5.5) 
5.0 (3.0-6.0) 
3.8 (3.0-4.5) 

1.2 (0.5-2.0) 

4.7 (3.5-8.0) 

2.2 (2.0'2.5) 

2.0 (1.5-2.5) 

1.1 (1.0-1.5) 

4.1 (3.5-4.5) 
2.7 (2.5-3.0) 
3.5 (1.5-4.5) 

2.1 (1.5-3.0) 
4.0 (3.5-4.5) 
2.9 (2.0-4.0) 

3.6 (3.0-4.0) 

5.7 (4.5-7.0) 

2.7 (2.0-3.0) 
3.1 (2.0-4.0) 

3.7 (3.0-4.5) 
4.3 (3.5-5.5) 
3.1 (2.5-4.0) 
2.5 (1.5-3.5) 

2.8 (2.5-3.0) 

2.G (0.5-4.5) 

2.7 (2.0-3.0) 

3.2 (2.5-4.0) 

4.7 (4.0-S.5) 

4.6 (4.0-5.0) 

5.7 (S.0-7.0) 
7.2 (G.0-9.5) 

4.7 (4.5-5.0) 
4.9 (4.5-5.5) 

5.8 (5.0-8.5) 

4.2 (3.5-5.0) 

4.9 (3.5-S.O) 

5.3 (3.0-10.5) 
3.5 (2.5-5.0) 

4.2 (3.5-5.0) 

3.9 (3.5-S.O) 
4.6 (4.0-6.0) 

3.9 (2.5-4.5) 

4.1 (3.0-5.0) 

7.4 (5.0-9.0) 
4.0 (3.0-4.5) 

8.9 (6.5-10.0) 
3.4 (2.0-4.5) 

7.2 (4.5-10.0) 

6.2 (5.5-7.0) 


6.2 (5.5-7.0) 

3.9 (2.0-5.0) 
5.8 (5.0-7.0) 

4.3 (3.0-10.0) 
4.6 (0.0-6.5) 

2.7 (2.0-4.0) 
5.5 (5.0-0.0) 

3,8 (3.0-5.0) 
6.0 (5.0-7.0) 

3.3-(3.0-5.0) 

2.9 (2.5-3.0) 

3.0 (3.0-5.0) 
3.0 (3.0-3.0) 





The numbers given in the columns nnJer Period 1, Period 2, Period 3, etc., are the nverages usiiallj- of 
5 or 6 two-minute periods for a 20-minute duration. The figures in parentheses give the range of 
peristaltic activity for that period. Between Period 2 and Period 3, the nembutal was injected and 
after a short delay the counts were again begun. 


on. the influence of renal sympathectomy on 
kidney functions, but a study of ureteral peri- 
stalsis per se under various physiologic and 
experimental conditions was not carried out 
by these authors. 

Results. The responses of the ureters in 2 
experiments are plotted in Fig. 1. Experiment 
S-8 is a control experiment on an unanesthe- 
tized dog and shows the relative constancy of 
ureteral peristalsis over 100-minute period. 
Experiment S-7 shows the effect of a single 
rapid intravenous injection of pentobarbital 
sodium (nembutal). Peristaltic activity was 
reduced from an average of 5.6 spurts per 
minute to 1.1, followed by a gradual recovery. 

The results of 11 experiments with varying 


doses of intravenous nembutal and eight con- 
trol experiments are summarized in Table I. 
The 19 e.xperiments were performed on 3 dogs. 

Conclusions. Observations of ureteral peri- 
stalsis can be made on unoperated and unan- 
esthetized dogs and conclusions drawn as to 
the activity of the ureters. Although the 
series is small, results suggest that nembutal 
inhibits ureteral peristaltic activity. The 
mechanism of this inhibition may be through 
the influence of the anesthetic directly on the 
ureter; or the anesthetic may affect the urine 
production and thus the volume of urine pass- 
ing down the ureter, since variations in urine 
volume will affect peristalsis of the ureters. 
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obtained by, this method is rather hazy and 
cannot be easily compared with the tissue sec- 
tion. These disadvantages are obviated by 
coating the section with fluid photographic 
emulsion and staining it after development.® 
A similar modification consists of mounting 
the sections directly on photographic plates.® 
These technics, however, resulted in erratic 
staining and some dissolution of silver gran- 
ules in the staining reagents. The method, 
was, therefore, modified to permit staining of 
the section before application of the emulsion. 
This procedure, described below, results in an 
autographic image which may be obsen.’ed 
under the high powers of the microscope 
(Fig. 1 and 2). 

Technical Details. The thyroids of animals 
treated with radioactive iodine are fi.xed in 
Bonin’s fluid or neutral formalin; mercury- 
containing fluids, such as .Susa or Helly, 
cannot be used. The ti.ssues are embedded in 
paraffin, sectioned at 3 to 5 inicra and stained 
with either hematoxylin and cosin or Mas- 
son’s trichromc. The stained sections, de- 
hydrated through graded alcohols, are left for 
1 minute in a 1% cclloidin solution and dried. 
In the ca.se of the trichrome stain, however, 
the slides should be quickly dipped into 1% 
cellokiin for a few seconds, dried and dipped 
again. .-Ml celloidin-coated sections arc then 
dried for at least 6 hours in order to harden 
the cclloidin coating and thus protect the 
stains from the action of developer and fixer. 

Subsequent operations are carried out in 
the darkroom at 2 to 3 feet from a Xo. I 
Wratien Safelighl. The Kodak medium lan- 
tern slide plates used for the preparation of 
the coating emulsion arc sampled for freedom 
from fog. The plates are soaked in distilled 
water for 10 minutes at 19 ' :r 1“C. The 
.softened emulsion is then .'craped into a 50 cc 
beaker, ti'ing the edge of another plate as a 

e Il.iiiiiltoii, .t. li., J-elrv. M. H., .'iinl 
K. li.. fine. Cnhf. f'l'hl. I’litlDr.nroL, I'.'tO, 1. a.'!'.*. 
<■. !>., .r. .iMt.. 77, M;>. 

r I.rliln'id. I*. .<tatn Trchr... I'l-iS, IS, l.'gi. 

•' r. I.. I'., .'inri I.i-btiii'l, C, 1'., Jtr.rlo- 

i-ri!w!n,;;s, UM'*. ;{t», S. 

T. AXii Mr;>.. 

11)57, 01. :nn. 



iKi. 1. 

Piciion <if tlivriiiil iif nil givi ji r.'iilio.’iclivc 
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tin- Ilf r.iil'oririivily, nro hm-i! ill grriilest 

ovr-r flir lolloiil contoiiK'il in llie thyroid 
fnllipli-,. Xntp lliiit ttic Ihyroid ejiitindiiim i-'hou'.s 
;i rf.-ii-tifin only in the p.'ir.S of th<> cilK rlo-.' to tlie 
coll'iid {:m n r->-ii!t of iho iJitTu-ion of tho rnlloid 
iniiijro., Th- n-t of till- (•I-!! Miov.-- only 1,:ii-h. 
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infection, showing abortive fevers of one to 2 
days duration, in contrast with the afebrile 
course of the animals treated with the anti- 
serum. The serological analysis of these 
“normal” sera gave evidence of lysins against 
sheep cells with titers of 1:20 or 1:40, and 
in some cases as high as 1:200. This has 
been recorded by other workers and attributed 
either to constitutional genetic factors 
(Witebsky and Neter®), or to past infections 
of heterogeneous origin (Hyde"). Attempts 
to investigate the possible role of the hemol- 
ysins by their absorption from both normal 
and immune sera with boiled sheep cells do 
not suggest correlation of heterophile anti- 
bodies with the observed protective action. 

Experiments with guinea pig antiserum No. 
91 also showed protective qualities when chal- 
lenged with the highly virulent spotted fever, 
namely, abortive fever reactions, or complete 
absence of fever were observed. No greater 
protection was afforded by the globulin frac- 
tion of antiguinea pig serum (Complement 
fixation titer 1:300; hemolysin titer 1:1250) 
used in dilution 1:10. Slight elevations of 
body temperatures not exceeding 40°C for 
1-2 da 3 's were recorded in S guinea pigs of 
the 10 used in the series. The temperatures 
of the other 5 animals remained normal over 
the 18 days observation. On the contrar 3 ^, 

0 Witebsky, E., anti Weter, E., /. JE'xp. Med., 
1935, Cl, 4S9. 

7 Hyde, E. E., Am. J. Hyg., 192S, 8, 20u. 


the o untreated controls developed typical 
spotted fever. As observed in the t 3 'phus 
series, the course of spotted fever was occa- 
sionalN attenuated b 3 ' certain “normal’’ rab- 
bit sera. 

Conclustom. Antiguinea pig rabbit im- 
mune sera, when injected intradermall 3 ’ into 
guinea pigs inhibited the clinical' manifesta- 
tions of typhus and spotted fever after the 
infective material was inoculated at the site 
of the serum administration, Highh- pro- 
tective properties against typhus and spotted 
fever, previously absent in the serum of un- 
treated rabbits, were demonstrated in the 
antisera of the same animals after their ini- 
munization with guinea pig spleen and bone 
marrow. However, an attenuation of t 3 'phus 
and spotted fevers occurred when serum of 
certain “normal” rabbits was used. The pres- 
ence of Forssman antibodies in the rabbit 
immune sera and of sheep cell Nsins in the 
“normal” sera seems of no significance. 
Among the factors involved in the observed 
phenomena, the barrier effect of the skin and 
its modified permeability are probab] 3 ’ de- 
cisive. The role of the spreading factor in 
the invasiveness of rickettsiae is under S3’S- 
tematic e.xperimental study. 

The authors make no suggestions as to the 
possibilities of utilizing the methods and re- 
sults described as a practical application for 
protection against or treatment of t 3 'phus or 
spotted fever. 
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.Autographic Localization of Radio-Iodine in Stained Sections of Thyroid 
Gland by Coating with Photographic Emulsion.* 

C. P. Leblond, W. L. Percival, and J. Gross. (Introduced by J. S. L. Browne.) 
From the Department of Anatomy and Department of Experimental Surgery, McGill 
University, Montreal, Canada. 


Radioactive materials emit radiations which 
have the same effect as light on a photographic 

* TMs -work was supported by .a grant from the 
Hatioii.al Jlcscarch Council of Canada. 

1 Gross, J., and Leblond, C. P., Canad. Med. 
Assn. J., 1947, 57, 102. 


emulsion. This propert 3 '’ 
locate radio-elements in histological sections 
of tissues, and especially radio-iodine in the 
th 3 'roid gland.^ The radioactive section is 
usually placed in contact with a photographic 
film or plate.^’-®'^ The image or “autograph” 
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Persistence of the Parabasal Body in a p-Rosaniline Resistant Strain of 

T rypatwsoma brucei. 

Margaret Buck (Introduced by R. J. Schnitzer.) 

From Ihe Chemotherapy Laboratories, Hofmann-La Loehe, Inc., Kufley, X.,T. 


It has been known for a long time (Wer- 
bitzki* that certain anti-trjrpanosomal drugs, 
c. g., Pyronines, Acridines, Triphenylmelhane 
dyestuffs, elicit a very definite response of the 
parabasal body of trypanosomes to the effect 
that this structure can no longer be demon- 
strated by the usual staining methods such 
as Wright’s, Romanowsky’s and Giemsa’s 
stain. It is, moreover, known that trypano- 
some strains rendered resistant to these drugs 
may retain the lack of the parabasal body for 
many years. It was, therefore, surprising to 
note that in a strain of T. brucci which was 
made resistant to p-rosaniline hydrochloride 
the parabasal body persisted after the para- 
sites had reached maximal resistance to this 
dyestuff. This rather unique obsen'ation 
seems interesting enough to justify a short 
description of the preparation and the proper- 
ties of this drug resistant strain. 

The .strain of T. brucci was kindly given to 
us by Dr. M. Soule, .According to a recent 
paper by Merchant- and a personal communi- 
cation by Dr. Soule the strain was derived 
from an original isolation by Bruce (1896) 
and was kept in guinea pig passages for about 
40 years. We became interested in these 
trypanosonie.s when it was observed^ that the 
organisms possessed a higher sensitivity 
towards ji-rosaniline hydrochloride. It is well 
known that this triphenylmelhane dyestuff is 
of very low activity. Jilost of the commonly 
used laboratory strains of T. equiperdum,* 
T. brucci, T. rliodcsicusc require a subcutane- 
ous treatment with the maximal tolerated dose 

1 Wcrbitiki, F. W., Centratht. f, JJablcriol., 1910 
I OriR., 1910, 5:i, 303. 

e Mfrcliriiil, I). ,T., Pr.oc. .Soc. Fxr. Bson. a:;d 
Mr.D., 1947, Ot, 391. 

a ZicriiiR, A., amt Buck, It., F. Ch. Jlnrell, .luVi- 
Icc Voliitup, B.i-'tc, I94C, X’. 37S. 

< .RciinitKf, R. J., BatTcrty, h. C., nnil Bud:, M., 
J. Innnnnt., 1940, ot, 47. 


(SO mgAg) or an oral administration of 250 
to 500 mg/kg in order to clear the peripheral 
blood for a period of 3 to 6 days. No per- 
manent cure of the infection can be obtained 
at least not with a single administration of the 
dj'cstuff. .An infection of mice with the 
present T. brucci strain responded with per- 
manent disappearance of trj'panosomes to a 
single subcutaneous dose of 50 mgAg or a 
single oral dose of 250 mgAg- Smaller do.ses 
down to 10 mgAg subcutaneously or 100 
mgAg orally cleared the peripheral blood for 
a 4-6 days period after which relapses oc- 
curred. Only doses of 5 mgAg aod 10 mgAg 
given by the subcutaneous and oral route 
respectively failed to show any significant 
activity. 

Drug resistance of this strain towards 
jS-rosanilinc hydrochloride was obtained by 
the so-called “short-passage method" described 
in an earlier paper.'* Starting with an oral 
dose of 10 mgAg Ihe strain became resistant 
to 500 mgAg per os after 25 to 30 passages. 
The treatment with this dose of p-rosnniUne 
was continued to a total of 47 passages in 
order to consolidate the fastness. The strain 
was eventually resistant to 500-1000 mg /kg 
per os. The dose of 1000 mgAg which is 
close to the ma.ximal tolerated dose still pro- 
duced occasionally a more or le.ss marked de- 
crease in the trj-panosome content of the 
peripheral blood, but never cured the animals. 

Early in the process of rendering the strain 
resistant it was noted that the parabasal body 
persisted in the parasites. Despite the con- 
tinued administration of ji-rosani!ine and the 
corresponding increase of resistance towards 
the dyestuff the parabasal body retained its 
tinctorial affinity and was easily demonstrated 
in smears from Giemsa’s stain. This is shoum 
in Fig. 1. 

This persistence of the paraba.'al body in 
^rosanilinc-rcsistant trypanosomes has to' our 
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scraper.t One lantern slide plate yields suffir 
cient fluid emulsion to coat 3 or 4 microscope, 
slides. The beaker is then placed ,in a water 
bath kept between 38° and 39°C. After 15 
minutes in this bath, the emulsion becomes 
sufficiently liquid for application. A uniform 
emulsion coating is obtained through the use 
of a leveling table heated at one end to about 
38°C and left at room temperature at the 
other end. This table was made of a plate 
glass top, with a heating element under one 
end, adjusted to give the required temperature. 
The whole is set on leveling screws and made 
horizontal with the aid of a spirit level. 

The stained slides, after being warmed on 
the leveling table, are taken in one hand. 
Four to 8 drops of emulsion are applied with 
a medicine dropper held in the other hand. 
The air must be expelled from the dropper 
before dipping it into the emulsion, in order to 
prevent the occurrence of bubbles. About 2 
drops of emulsion are applied per square inch 
of slide covered. The drops are spread evenly 
and quickly with a camel’s hair brush. The 
slide is then rotated from side to side along 
its long axis to make the emulsion flow gently 
from edge to edge and thus obtain an even 
film. This may be seen by the red light re- 
flected from the safelight on the surface of 
the emulsion. 

The slides are returned to the warm side 
of the leveling table for 30 to 60 seconds and 
then gently slid to the cool side of the plate. 
The emulsion gels in about 15 minutes. The 
slides are then stored at 0° to -(-2°C in light- 
tight containers kept drj'^ with PsOj. Test 
slides are developed at various time intervals 
after coating to determine the proper length 
of e.xposure. Development is in Kodak D-72 
for 2 minutes at 19° ± 1°C with fixation in 
acid fixer for 10 minutes. The slides are then 
washed for 20 minutes, the water being kept 
below 20°C to prevent buckling and peeling 
of the emulsion. After passage through alco- 
hol and xylol the sections are mounted in 

t Occasional batclies of Irmtern sUdes are un- 
serviceable as tlie emulsion docs not soften in water 
and remains stringy and elastic. 


balsam. Five minutes in each bath is neces- 
sary for complete dehydration. After placing 
the coverslips on the sections, these should be 
left to dry at room temperature. Throughout 
development and mounting, slides should be 
kept horizontal. 

Discussion. A satisfactory autographic 
method should permit the visualization of 
histological details through the silver granules 
in the gelatin emulsion and thus enable a 
precise localization of these granules with 
reference to the stained structures in the 
section. 

This requires the reduction of background 
fog to a minimum. Normallj'-, unexposed lan- 
tern slides will show a certain amount of fog 
which increases with subsequent manipula- 
tions. This increase is avoided by careful 
control of temperature, minimum safe-light 
exposure, and storage at 0° to 2°C. In auto- 
graphs with very little fog, it becomes pos- 
sible to identify even minute accumulations of 
silver granules as resulting from the action of 
the radioactivity. Under these conditions, the 
length of e.xposure can be shortened; and the 
rather small reactions thus obtained make it 
easier to see the stained structures through the 
silver granules at the sites of radioactivity. 

The photographic reaction due to the /?-rays 
of is maximal in the zone located imme- 
diately above a site of radioactivity and de- 
creases as the square of the distance from this 
point. When such a reacting zone is examined 
through tlie microscope it appears circular; 
extending far from the source with prolonged 
exposure, but being more closelj' limited to it 
with controlled exposure. Indeed, with a 
short e.xposure, it is possible to limit the image 
to a zone almost directly above the emittor 
and thus obtain a nearly cytological localiza- 
tion (Fig. 1 and 2). 

Summary. The autographic technic has 
been modified to permit staining of histolog- 
ical sections before coating with photographic 
emulsion. With this method, the diffusion of 
the image is sufficiently decreased to permit 
e.xamination of the autograph under the high 
power of the microscope. 
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TABLE I. 


Sensitivity of tlie Xornial and the p-Eosaniline Fast Strain of T. Irucci Toward Different Anti- 

Tryyanosoinal Agents. 


Compound 

Eoutc 

Minimal active dose (mg/kg) 

r- — ^ 

Xornial strain Pcsistant strain 

Kco-arsplienaminc 

subcut. 

12.0 

12.5 

Mapliarsen 


1.0 

1.0 

Acriflavino 


.1.0 

5.0 

Emetic tartar 

}> 

5.0 

5.0 

C,6'-ureylcne-bls 

(4-amino-2-mctliyI-quinolinc) 

93 

62.5* 

62.5' 

/)-K<)S;iniline HCI 

» 1 

10.0 

> 50.0 


per OM 

100.0 

>500-1000.0 


* Identical with the curative dose. 


p-rosaniline-fast strains of T. cquipcrduin* 
(PR I, PR in) which also lacked the para- 
basal body no longer responded to subcu- 
taneous treatment with 500 mg of the quino- 
line derivative per kg, while a tenth of this 
dose (50 mg/kg) cured the infection with the 
parent strain. 

These observations indicate that an atypical 
p-rosaniline-fast strain of T, briicci was ob- 
tained. It was characterized by the per- 
sistence of the parabasal body and the thera- 
peutic sensitivity to 6,6'-ureylene bis (4- 
amino-2-methylquinoline) . p-Rosaniline-re- 
sistant modifications of T. cquipcrdum c-Khib- 
ited as a rule the loss of both these properties. 
The question of the mechanism by which these 

* The c.xpcrimcnts ivitli T. equipeninm were car- 
ried out by .Sclmietr.er in the Coiuniutiiit Mcdic.al 
IteMeireli L:il)or:itorios of tlie fniverjity of 
Toronto. 


2 phenomena, namely, presence or absence of 
the parabasal body and sensitivity towards 
6,6'-ureylene bis [4-amino-2-methyl quino- 
line] are related or whether they are related 
at all cannot be decided on the basis of our 
present e.vperience. We are also not in a posi- 
tion to state definitely that other strains of 
T. brucci might give a similar response to 
p-rosaniline or even that the same strain of 
T. brucci will always react in the same atj'pical 
way to attempts of rendering it p-rosaniline- 
fast. 

Summary. A p-rosaniline-resistant modifi- 
cation of T. brucci is described in which — 
contrary to the e.xperience with other trypano- 
some strains — the parabasal body persisted. 
The strain also failed to show the overlapping 
resistance to 6,6'-ureylcne [4-amino-2-methyl- 
quinoline] which could be demonstrated in 
p-rosaniline-fast strains of T. cquipcrdum. 
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Stability of Natural Progesterone.* 

Ralph B. Woolf and Willard M. .Allek. 

From Ihr Drparlmmt of Obstetric.') and Gynccolopy, IVashinplon L'niv€r.'!tt>/ .Echoed of Mfdicint'. 

St. ioiiis, Jfo. 


In 1936 appro.vimatcly one gram of ctystal- 
linc progesterone was isolated from sows’ 

• The author? wkh to th-mJ: Mies Lil.-i K. Knud- 
sen, of tlic Food .md Dm;: -Administmtioii. ^V.^sh- 
in;:!on, D.C., for tier asdsi-nneo in tlic st.vtistiml 
annlyfi? of f!ic d-iLi. 


ovaries for use in the study of some of the 
biological properties of the hormone.^ The 
major portion of this lot was used in the studv 
of various aspects of the hormonal control of 

1 Allen, AV. M.. and Goctfdi. Carl. J. 

1036, 110, C33. 
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Parabasal Body 



Fia. 1 . 

Blood of a mouse infected with the p-rosanilinc resistant strain of 
T. hriicci. (47th passage.) Gicinsa’s stain. Objective apochiomate 
HE 90, eoinpcns. ere piece 10 X. (Photomicrogiapli by L. Hoda.v.) 


knowledge not been described before. In a 
number of trypanosome strains rendered re- 
sistant to the dj'estuff in our laboratory a 
similar phenomenon was never observed. In 
particular, of 9 p-rosaniline-fast strains of 
T. cquiperdmn which were prepared in mice 
and rats and studied during recent years none 
failed to show the absence of the parabasal 
body in 80-100% of the individual parasites. 

The unusual observation in the resistant 
strain of T. briicei made it desirable to ex- 
amine the properties of this strain more closely 
and particularly to investigate its response to 
different anti-trypanosomal agents. 

The results of these specificity tests of the 
resistant strain are giv'en in Table I. 

Mice infected with the parent strain and 
the />-rosaniline-fast trr-panosomes were treat- 
ed with a group of different chemo- 
therapeutic agents of known activity such as 
3.3'.4,4'-dihydro.\\- arseno-benzene-X-methan- 
al sulfo.xylate (Xeoarsphenamine), 3-amino- 
4-hj'dro.\yphenyl arsineoxide hydrochloride 
(Mapharsen), potassium antimonyl tartrate 


(Emetic tartar), 2,8-diaminoacridinium-lO- 
methochloride (Acriflavin), and a quinoline 
compound, 6,6'-ureylene bis[4-amino-2-methy] 
quinoline] . 

From the data of the minimal active doses, 
as given in the table, it is evident that the 
resistance was specific for ^-rosaniline; the 
arsenicals, the antimony compound, and the 
acridine dyestuff showed the same activity on 
the resistant as on the parent strain. That is 
characteristic for ^-rosaniline-fast trypano- 
some strains. 

The observ'ation that the quinoline com- 
pound was also active in the infection with the 
)>-rosaniline-fast strain was surprising. This 
compound is a member of a large series of 
anti-trj'panosomal agents’"' and according to 
previous e.xperience (Schnitzer, unpublished 
data) proved to be active in e.vperiniental 
infections with normal trvpanosomes but with- 
out effect on the />-rosaniline-resistant modifi- 
cations of these strains. For instance; Two 

^ Jenseh, IT., Jn^rtr/jjuT/c CArniiV, 1037, '*>0. SOI. 
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I. 

Original Bioassay o£ Progesterone in 1934 (Corner-Alien Method). 
Endometrial Proliferation. 


Prop. No.* 

Vosc, mg 

1934 

1946t 

E 

Log dose X 10 

0 

1 

1.77* 

4-1- 

Alplia Progesterone. 

44- .723 

1.248 

58.3 

1 

1.33 

4-1- 

34- 

.810 

1.123 

C4.G 

O 

1 22 

4 + 

34- 

.073 

1.08G 

55.2 

3 

0.91 

3+ 

34- 

.502 

.959 

45.1 

2 

0.90 

3-1- 

34- 

.G9G 

.954 

5G.G 

1 

0.88 

2-1- 

24- 

.544 

.944 

47.5 

2 

O.Gl 

1-1- 

i4- 

.292 

.785 

32.7 

3 

O.GO 

l-f 

14- 

.218 

.778 

27.9 

1 

0.44 

1-1- 

24- 

.313 

.G43 

34.0 

O 

1.47 

44- 

Beta Progesterone. 

44- .802 

1.802 

G3.C 

3 

1.28 

44- 

44- 

.784 

1.107 

G2.3 

1 

1.17 

34- 

44- 

.707 

1.0G8 

01.1 

o 

1.05 

24- 

24- 

.582 

1.021 

49.7 

3 

0.94 

24- 

14- 

.402 

.973 

39.3 

1 

0.70 

24- 

34- 

.588 

.845 

50.1 

O 

0.03 

14- 

14- 

.304 

,709 

33.4 

3 

0.G3 

14- 

24- 

.357 

.799 

30.7 


* Prcpar.ation numbers same ns the number from T.iblc I, J. Biol. Chem., 1934, 107, 321. 

1 Re-evaluation of tbe proliferation of the original sections. 

t Data from anininla receiving 1.77 and 1..33 mg of alplia and 1.47 of beta were excluded 
in tile determination of tlie regression lines. 

knowledge o( the original interpretations. The 
estimates of the degree of proliferation of the 
endometrium were virtually the same as orig- 
inally. 

The bioassay of the samples of alpha and 
beta progesterone after storage for ten years 
is recorded in Table II. Several animals were 
used at each of several levels of dosage, spread 
over the critical range, to find out how much 
variation in response is to be expected. 

Comparison of the data in Tables I and II 
shows, first of all, that the quantities necessary 
to produce full proliferation, and the quanti- 
ties which produce little or no proliferation, 
arc virtually the same. This indicates beyond 
doubt that there has been no great change in 
activity during the interim. Secondly, the 
variability of response in the critical range of 
do.-ape .seems to be about the same. 

As yet there is no generally accepted method 
for comparing the activity of compounds hav- 
ing progestational activity with the activity of 
the international standard of progesterone. 
lusixNtion of Tables I and 11 certainly indi- 
cates that the preparations obtained in' 1936, 
and assayed in 1946, have approximately the 
same activity as the original preparation's ob- 
tained and assayed in 1934. There is every 
reason for believing that the results should be 


similar, since the physical characteristics re- 
mained essentially unchanged during the stor- 
age period. More detailed comparison of the 
results of the bioassays, therefore, is justified 
as it affords in a sense an indication of the 
reliability of bioassays of identical compounds 
at widely separated periods of time, even 
though the results can only be compared with 
each other and not with concurrent assays of 
the international standard. 

Tlie best approximation of a linear relation- 
ship between the dose administered and the 
response of the endometrium (R — obtained by 
the planimeter) was secured when the dose 
was transformed to log dose and the angular 
transformation! was used on the response. 
The data for each of the four preparations 
were subjected to the above transformation 
and the dosage response cun-es fitted by the 
mcthcxl of least squares. Only tests falling in 
the critical range (0.4-1. 2 mg) were used. The 
results of this form of analysis of the data arc 
recorded in Table III. The slopes are not 
very steep, but in all cases they are statis- 
tically significant, since in each case the slope 

t rislier, R. A., .iml T.-ilc?, F..~SUithticai'T^^ 
for PMoniccI, .lurir.Alvra), nn>l MaVeal nrscarch, 
Tnblo Xn, p. .J2, Oliver .iml Dtml, Kainlitirgh' 



80 


Stability of Natural Progesterone 


pregnancy in rabbits. During that study no 
bioassays of the hormone were made to spe- 
cifically test its stability. The compound was 
assumed to be stable since the physical charac- 
teristics of the crystals did not appear to 
change with the lapse of time. Small portions 
of the preparations obtained in 1936, however, 
were kept for bioassay at a later date to deter- 
mine their stability. These samples of alpha 
and beta progesterone have now been assayed 
and have been found to be as active today, 
after storage for 10 years, as the first prepara- 
tions obtained by Wintersteiner and Allen in 
1934.2 


The preparations recently subjected to bio- 
assay were stored during the past decade in 
small, unsealed, glass-stoppered, vials. The 
vials were in turn subjected to the temperate 
environment of a desk drawer without any 
further attention until the samples were re- 
moved for the present e.vperiment. 

The melting points of the compound, after 
10 years, were essentially the same as orig- 
inally, The present sample of alpha pro- 
gesterone was made up of the unused portions 
of several lots, the original melting points of 
which ranged between 126° and 129°C. The 
melting point obtained recently was 123°- 
124°C. The present sample of beta proges- 
terone melted at 120°-121°C; the original lots 
from which the present small sample was ob- 
tained had melting points ranging from 
ll8°-12rC. 

Both the alpha and beta forms were bio- 
assayed according to a slight modification of 
the original Corner-Alien method.*'-* Our modi- 
fied method differed from the original in that 
ovulation was induced in the rabbits used for 
the tests by employing commercial chorionic 
gonadotrophin rather than by mating the ani- 
mals with the male. Ovulation was obtained 
by injecting intravenous!}' a freshh’ prepared 
aqueous solution of powdered, dry, human 
chorionic gonadotrophin equivalent to appro.v- 
imately 20 international units. Laparotomy 

2 Wintersteiner, 0., .and Alien, W. JI., J- ■Bwl- 


c/icni., 1934, 107, 3S1. 

3 Corner, G. W., and Allen, W. W., Am. J. 


Phiisiol, 1929. S8, 326. 

4 Allen, W. M., Am. J. Flivsioh, 1930, 92, 


174 . 


was performed 18 to 24 hours after the admin- 
istration of the gonadotrophin. At the time of 
the operation, the ovaries were inspected and 
if ovulation had occurred, both ovaries were 
removed and the distal third of one uterine 
horn resected to serve as a histological control. 
Beginning on the day of operation and on each 
day thereafter for a total of 5 days, one-fifth 
of the total dose of progesterone was admin- 
istered subcutaneously in 0.2 cc of sesame oil. 
Twenty-four hours after the last dose, the 
animals were sacrificed and the uteri removed 
and fixed in formalin. Transverse sections 
of the uterine horns were then prepared and 
stained with hemato-vylin and eosin in the 
usual manner. 

The degree of endometrial proliferation was 
determined by two methods: (a) by compari- 
son with illustrations already published* and 
(b) by measuring the amount of proliferation 
with a planimeter. The planiraetric measure- 
ments were made from tracings of the pro- 
jected image of the section drawn on white 
paper in the following manner. Three circum- 
scribing lines are drawn in different colors to 
locate the areas for measurement. Since 
degree of proliferation is determined as a ratio, 
the degree of magnification does not need to 
be kept constant. First, a line (M) is drawn 
which separates the myometrium from the 
endometrium. Next, a line is drawn which 
outlines the outermost aspect of the glands 
(S). This line divides the endometrium into 
an outer, unproliferated, non-glandular area 
and an inner glandular area. This line coin- 
cides with the line designated as (M) in some 
regions of the well proliferated uteri. Finally, 
a line (L) is drawn separating the lumen 
from the glands. These lines are separately 
traced with the planimeter and the ciraim- 
scribed areas determined. The portion of the 
endometrium which has become glandular (R) 
is given by tlie formula: 

.S — L .irea of glands 
R (response) = = — 

II — L area of endometrium 

For the purpose of comparison. Table I is 
compiled from bioassay data obtained in 1934 
using the original Corner-Alien method. The 
sections were re-evaluated without exact 
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thus obtained does not differ significantly from 
lOO^o. 

Summary. Natural progesterone isolated 
from pigs’ ovaries in 1936 shows no loss of 
activity after storage for 10 years in glass-stop- 


pered vials at room temperature. Essentially 
similar methods of bioassay at widely sep- 
arated intervals of time give dosage response 
curves that show no statisticalh’’ significant 
differences. 
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Relation of Complement to Blood Coagulation. 

Frank D. Mann and Margaret Hurn. (Introduced by Thomas B. Magath.) 
From ihc Division of Clinical LaVoratorics, ?ifinio Clinic, 71<ichcslrr, ilfinn. 


Evidence has been presented both for and 
against the participation of complement in 
the coagulation of the blood. Wadsworth, 
hlaltaner and Itlaltaner' favored the affirma- 
tive view because many substances were found 
to have both anticoagulant and anticomple- 
nientary actions. Maltaner- reported a close 
correlation between thromboplastic and com- 
plement-fixing power of tissue extracts and 
sera. On the other hand, Wilandcr^ and Ecker 
and Pillemer' found great quantitative differ- 
ences between the relative anticoagulant and 
anticomplementary properties of a number of 
substances. Quick’’ showed that complement 
as a whole is not the same as prothrombin. 
However, much recent work points to the 
existence of an additional component of the 
coagulation system, concerned with the con- 
version of prothrombin to thrombin. We” 
have already quoted much of this work but 

1 Waitswiirtli, .\upii5tus, Mnll.'im'r, Fr.iiik. :iii(1 
M.'ilt.'iiicr, Klir.Jiljoth, J. /inmunn!., ;W, 21*7. 

■- I-’raiik, Vr.or. Soc. I'.xi'. lliot.. .VXD 

Mr.ii.. ll'tO. flU, a02. 

•"> Wil.'HKUT, Olcif, .Irch. f. 

toss. «l (Sujiiil. l.'i), SO pp. 

^ Ki'tor, K. i;., amt t’illi'ini'r, I... ,7. Immunol.. 

tPlt. -to, 7.1. 

•' (Jaii k. .\. .1.. .7. Immunol., IPS.I, "D. S7. 

Maan, I'. I'., Hum. ^ta^}:aTe•.. aiul Mapal)', 
T. H,. Vi-.uc. I'.xe. Hiol. .vni> JIr.D,. 1P47. 

<?<;, .1.1. 

7 Wan*. .V. V'.. dut'-^l, M. M., anti Sctf;i'rs, W, H.. 
.entai-r, IPir. 10(1. -11. 

s t\;irt'. ti.. ilut’**!. M. ?!., anil W’. It.. 

.7. Fiol. Chen., lPi7, 10!), L'.ll. 


should mention in addition the contributions 
of Ware, Guest, and Seegers"*® and the exten- 
sive and convincing investigations of Owren.® 
.A, study of the role that complement plays in 
the conversion of prothrombin to thrombin 
appears timely. 

Methods. Human plasma was freed of 
complement activity in 3 ways: by aging and 
by treatment with zymin and vvith ammonia. 
.After aging for 2 to 3 months at icebox tem- 
perature plasma had no complement activity. 
Zymin powder was prepared from yeast essen- 
tially as describee! by Ecker, Jones, and 
Kuehn.^® Two hundred and fifW milligrams 
of zymin were mixed with 1 cc of oxalated 
plasma and 1 cc of imidazole buffer at pH 7.2. 
Ordinarily serum is incubated with zymin for 
one hour at 37 ~C in order to inactivate com- 
plement, and smaller quantities than used by 
us suffice. We found that if the plasma was 
centrifuged immediately after thorough mix- 
ing with zymin, most but not all of the com- 
plement activity had disappeared by the lime 
the supernatant was te.'tcd, about 20 minutes 
after the addition of zymin. The remaining 
complement activity disappeared gradually 
over a period of one to 2 hours in the absence 
of zymin. This was the procedure followed 
in preparing the zymin plasma used in the 
e.vpcrimcnts described subsequently, 'rhis 

a OsTrU!, P. .\.. The Coafiuhiiion of 
iiffitlior.s on <t Xcm Clotliup Factor, O-ln. .7. Ciir. 
Guiulf-ri.i' 11 . l!uV.tryi;V.(Ti, ISHT, .1*27 pji. 

I" Hft-.cr. r.. i;.. .7(1110?, C. H,, ;ui,7 Kiii-Jm. A. O., 
.7, Imnv.r.ol.. 7011, -10, St. 
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v ^ T, TABLE II. 


Proliferation, B, ‘ 

-'^Tg Log (lose X 10 


l.C* 

1.4 

1.4 

1.4 

1.3 

1.2 

4+ 

4+ 

4+ 

4+ 

3.5+ 

3.5+ 

Alpha Progesterone. 
.702 
.036 
.651 
.837 
.741 
.70S 

. 1.204 
' 1.146 

1.146 

1.146 

1.079 

1.070 

56.9 

47.1 
53.8 

60.2 
59.4 

1.2 

3.5+ 

.805 

1.079 

8 

1.0 

2.5+ 

.650 

1.000 


1.0 

2.5+ 

.646 

1.000 


1.0 

3.0-f- 

.664 

1.000 


.s 

2.5+ 

.632 

.903 

52.G 

.8 

3.5+ 

.620 

.903 

51.9 

.8 

2+ 

.381 

.903 

49.7 

.6 

2+ 

.308 

.903 


.6 

2+ 

.457 

.778 

42.5 

.6 

+ 

.406 

.778 

39.6 

.6 

2-1- 

.461 

.778 

42.8 

.C 

-k 

.373 

.778 

37.7 

.4 

0 

.182 

. .602 

25.2 

A 


.450 

.602 

42.1 

A 


.470 

.602 

43.7 

.4 

4 - 

.433 

.602 

41.2 


0 

.143 

.301 

00.0 

2 

0 

.193 

.301 

26.0 

^2 

0 

.158 

.301 

23.4 


3+ 

Beta Progesterone. 



1.2 

.691 

1.079 

56.3 

1.0 

3+ 

.614 

1.000 

51.6 

1.0 

8,0 

.714 

1.000 

57.7 

.8 

1+ 

.330 

.003 

35.1 

.8 

4+ 

.761 

.003 

60.8 

.8 


.541 

.903 

47.4 

.8 

s+ 

.488 

.003 

44.3 

.6 

3+ 

.632 

.778 

52.6 

■G 

o-j- 

.273 

.778 

31.5 

.4 

-k 

.438 

.602 

41.5 

.4 

0 

.026 

.602 

9.2 


* Data from animals rcceiring 1.6, 1.4, and 0.3 mg were excluded in tlio determination of 
the regression lines. 


TABLE III. 

Analysis of the Dosage Pesponsc Curves (log dose — 0 response). 


Standard Standard 

Ko. of Intercept of error of error of 

Preparation animals regression lino estimate Slope slope 


1934 Alpha 

7 

50.5 

0.02 

64.5 

1.5.2 

1934 Beta 

7 

51.6 

6.54 

73.4 

19.1 

1946 Alpha 

18 

54.4 

4.69 

46.G 

6.4 

1946 Feta 

11 

.53.8 

10.07 

66.9 

20.7 


is more than 3 times its standard error. Like- 
ivise the values for the intercept at a dose of 
1.0 mg show very little variation. The data 
indicate, therefore, that the dosage response 
curves from the data of 1934 do not differ 
significantly from those obtained from assay 


in 1946 of preparations that were 10 years old. 
Likewise there is no significant difference be- 
tween the curves for alpha and beta proges- 
terone. Using a biological assay' procedure 
with the 1934 data labeled “standard” and the 
1946 data labeled “unknown,” the potency 
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TABLE ir. . 

Two-St.'igc Assays: Dilution of Various l*lasin:is Is That in the 2 ec of Incubation Mixture 
Containing Calcium and Thrombojilastin. Enits of Prothrombin Are Calculated in Terms of 
Original Plasma or Total Plasma AYhen Aged Plasma Is Included. Amount of Pennn Is Tlmt 
Added to the 2 ce Incub.ation Mixture. The Very Low Yields of Thrombin Give Clotting Times 
Too High for Accurate Determination. 

Yield of thrombin, units i)cr 


Plasmas and dilutions 

Scrum, cc 

cc of plasma 

Untreated 

1:100 

0 

490 

None 


0.1 

< u 

Zrmin 

1:40 

0 

Sligiit tr.ace 

} f 

1:40 

0.1 

280 

Nils 

1:40 

0 

<20 

M 

1:40 

0.1 

290 

Zymin 

1:80 -f Nils 1:80 

0 

.120 

Aged 

1:40 

0 

<20 

1 f 

1:80 

0.1 

800 

f t 

1:80 -p Zvmin 1:80 

0 

300 

t t 

1:80 -t-NHa 1:80 

0 

<20 


X.B. Units of prothrombin arc determined in terms of yield of units of thrombin. 


TABLE III. 

Tests for Complement Activity: 1 ec Sensitized 
Sliccp Colls Added to Each of the Following. 


Components present 

Hemolysis 

.1 cc scrum + 0.1 cc saline 
.1 ’’untreated plasma 

Complete 

0.1 CO saline 


.2 cc zymin plasma 

None 

.2”NH, ” 

n 

.2 ’ ’ aged ’ ’ 

.1 ’ ’ zymin ’ ’ 

it 

0.1 cc Xlla plasma 
.1 cc zymin plasma 

Partial 

-f- 0.1 cc aged plasma 

} } 


bill while leaving abundant prothrombin 
which is highly reactive in the presence of 
the proper conversion factors, makes it some- 
what doubtful whether any method of assay 
yet devised measures a single substance, pro- 


thrombin. The foregoing experiments point 
to a complex rather than a simple prothrombin 
conversion factor. 

The inactivations of the third and fourth 
components of complement by zjTnin and by 
ammonia respectively are regarded as fairly 
specific, being in fact the bases for definition 
of these components. To regard the blood 
coagulation system and complement as closely 
related appears to be the point of view most 
likely to direct efforts toward increasing 
knowledge of both. 

Summary. Inactivation of the complement 
of plasma by aging or by treatment with zymin 
or with ammonia blocks conversion of pro- 
thrombin to thrombin while leaving ample 
reactive prothrombin. 


16213 

Cultivation of Toxopiasnia in Embryonated Egg. An .•\ntigen Derived 
from Chorioallantoic Membrane. 

JoLL Warren and Sudie B. Russ. (Introduced by Joseph E. Smadel.) 

From the Vepnrtment of Vims anH rJcl-ctisiol msensce, Jrm;/ Jrnlica! Ttepartmnt Jtcsearch 
and Graduate Schoot, Armp Mcdieal Center, Kaehinriton, D.C. 


Neutralization' and complemcnt-fixation- 
Icsts have been used for establishing the diag- 

1 Sabin. B., .ami Kncliniait, I,, I’r.oc. Soc. Exv. 
Bio:., .vkh Mrr*., 1PI2, ni, 1. 


noiis of toxoplasmosis in man; liowcver, 
neither method is entirely satisfaclorj-. The 

= Warren, .L, ami Sabin, A. B., Bnoc. Soc. Exr. 
Biol, .m.-o Mm., 51 , ii. 
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Complejiext and Blood Coagulation 


„ , . TABLE 1. 

Onc-s^gc Assays: 0 1 cc of Standnrd Rabbit Brain Thromboplastin ami 0.1 cc of 0 O'^o \[ Cal- 
cium Chlonae Aaaed to Tubes Containing 0.1 ee of Each of the Following Pairs of Component^ 
(Tot.gl Tolume 0.4 cc). i - 


Components present 

Complement 

Untreated plasma and saline 

Present 

Zymin plasma and saline 

Absent 

” ” ” serum 

Present 

EdJj plasma and saline 

.Absent 

” ” ” serum 

Present 

Zjmiin plasma and iVHj plasma 

/f 

Aged plasma and saline 

Absent 

” ” ” sernm 

Present 

” ” ” zjTnin plasma 

if 

” ” ” NHj plasma 

Absent 


Clotting time, sec. 


19 
202 

20 
190 

22 

32 

ISO 

21 

2S 

193 


zymin-treated plasma, when mixed with four 
volumes of fresh oxalated plasma and incu- 
bated at 37 °C, removed in several hours 
most of the complement activity of the added 
plasma. These observations, which suggest 
that the action of zymin is not one of simple 
adsorption, are being studied further. Am- 
monia-treated plasma was prepared by incu- 
bating the mixture of 1 cc oxalated plasma, 
1 cc imidazole buffer and 0.2 cc of 1% am- 
monium hydro.xide for one hour at 37°C. 
This mixture had a pH of 8.2 and appro,\-i- 
mately the minimal concentration of ammonia 
reported as necessary to inactivate the fourth 
component of complement in serum. After 
the treatment with ammonia the plasma was 
devoid of complement activity. To test for 
complement 0.2 cc of treated plasma was 
added to 1 cc of a 1% suspension of sheep 
cells sensitized with 2 units of amboceptor 
and the mixture was incubated for one hour 
at 37°C. Serum was also inactivated by 
zymin and by ammonia fay tlie same pro- 
cedures used for plasma. Thrombin-forming 
activity was tested by a one-stage procedure 
using a system of 0.4 cc total volume^ and by 
a 2-stage procedure,^- both exactly as pre- 
viously described e.\'cept that the plasma was 
not defibrinated in the 2-stage method. 

Results. In all 3 types of complement- 
inactive plasma, marked loss of thrombin- 
forming ability was observed for both one- 
stage and 2-stage met hods. The rapid, 

iiBillemer, L., Seifter, J., and Ecker, E. E., 

J . Immunol ., 1941, 40, 89. 

leHurn, Margaret, and Mann, F. B., 4m. J. 
Clin. Path. (Tccli. Sect.), 1947, 17, 741. 


marked increase in the one-stage prothrombin 
time on aging is, of course, well known: after 
prolonged aging, as in these experiments, the 
yield of thrombin with the 2-stage procedure 
is also very low. Striking decrease of the 
one-stage prothrombin time and increase of 
the 2-stage thrombin yield were obtained with 
all 3 types of treated plasma by use of 0.1 
cc of serum in the 0.4 cc one-stage system 
and by addition of 0.1 cc of serum to the 2 cc 
of incubation mixture in the 2-stage pro- 
cedure. The serum used (4 to 6 hours subse- 
quent to spontaneous coagulation) did not 
clot fibrinogen and contained no fibrinogen 
and only very small amounts of prothrombin 
as shown by the 2-stage assay. Serum inac- 
tivated with zymin or ammonia did not 
restore thrombin-forming activity to similarly 
inactivated plasma. Mixtures of zymin 
plasma and aged plasma formed thrombin 
readily and had appreciable, although not 
normal, complement activity. Mixtures of 
aged plasma and ammonia plasma showed no 
restoration of thrombin formation and little 
or no complement activity. The addition of 
serum inactivated by heating at 56 °C for 30 
minutes partially restored complement activity 
to ammonia-treated plasma but did not restore 
thrombin-forming ability. An illustrative pro- 
tocol (Tables I, II, and III, all data obtained 
with the same reagents on the same day) 
shows most of the effects obseived. .All of 
the foregoing experiments were easily repro- 
ducible. 

Comment. The observ'ation that plasma, 
by 3 different methods, may be almost com- 
pletely deprived of its ability to form throm- 
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p.'ISSflRf 

No. 


1 

o 

•J 

u 

3A 

5 

11 


TABLE I. 

Bistribiilioii of Toxo|il-isiii!i mi Eiiiliryoiiic Tismios. 


Intr.-ieorL-ljr.'il iiifoctivity titer of tissue for mii e 


Days after 
infection 

f 

Eml). br.'iin 

Emb. tor.so 

All.-mt. nicint). 

All.-mt. 11. 

Yolk sac 

7 

lO'l.l 


10-1. .-.-t- 

— 

]0-l.<i 

7 

10---0 

ao-=.fi 

10-.'!. 3 

— 

lO-I..'. 

8 

10-' -I 

10-3.a 

— 

10-t.s 

10-3,.-. 

7 

— 

, — 

■ 10-s..'- 

— 

— 

8 

10-4.fi 

10-3 .r. 

10-3.3 

— 

10-2..-. 

7 

lO-'-s 

30-1.0 

10-3..S 

— 

10-2.0 


Emijryns were 10 doys old at time of iiiociilnlion :iiid were ine.iileiled at 3."'’G .'ifter iiifeetion. 


suits in a fatal infection. Growth of the 
parasite occurs equallj' well in embryonatecl 
eggs which are 6 to 12 clay.s old when inocu- 
lated; embryos succumb between the seventh 
and tenth days after infection with practically 
all dying on the eighth day. ^Multiplication 
of the organistn occurs equally well in egg.s 
incubated at 35° or 37.S'’C. 

Toxoplasma are demonstrable microscop- 
ically in all tissues of infected embryos. Tis- 
sues and fluids of inoculated eggs have 
infective titers of lO --** to when tested 
in mice. However, as indicated in Table I, 
the highest concentrations of the para.sites 
usually are found in the embryo and allantoic 
membrane. 

'J'he most striking pathological lesions in 
the Infected embryonated eggs arc large 
yellowish-gray nodule.s, scattered throughout 
tl)e allantoic membrane (Fig. 1). Thc.se may 
be I mm in diameter and arc frequently visible 
thnnmh the unbroken shell upon transillum- 
ination. The embryos them.?elves are deeply 
Iiemorriiagic and occa.«ionally .show nodular 
le.'ion.s in the viscera or the .shin. The nodnle< 
on micro.scopic e.xamination consist of a central 
area of necro.si.s surrounded by a zone of 
mononuclear leukocytes and contain manv 
toxophiMiia scallered throughout the necroii.' 
and infdtrated portions of tiie lesion. 

(I)) Coin{>!niirtil-fixin^ .\ntigen' 

prepared from infected chorioallantoic mem- 
brane were compared in complement-fixation 
te-t.N with antigen.s derived by a similar pro- 
cedure fr«Mn infected rabbit and niou.-o brain 
tissues.'-' .\nliaens from all 3 source.s had 
liler.v of 1 S to 1/10 when tested with 2 units 
of antiboily. 'J'he complement-fixing material 
in the chick embryo prejiaration liad the char- 
aiteri-tics of a specific soluble suli.-tance .vinre 


it was separable from the intact organism; 
data presented in Table II show that no 
diminution in activity resulted when chick 
embryo antigens were paisscd through a Seitz 
filter or were centrifuged at 14,000 r.p.m. in 
an angle machine for one hour. IMorcover, the 
antigens are relatively stable; complement- 
fixing activity was not reduced by lyophiliza- 
lion nor by storage at -20°C for 3 months. 

(c) Prclbuiuary Evaluation of Complement- 
fixation for Diagnosis of JIumaii Toxoplasmo- 
sis. A number of stored frozen samples of 
serum were available which had been sub- 
mitted from adults and children suspected of 
having to.xoplasmosis, all of which had been 
previously tested for neutralizing antiboily. 
In addition, control sera obtained from “nor- 
mal” and from .syphilitic adults were e.xamincd. 
The above sera were tested for complement- 
fi.xing antibodies employing antigen prepared 
from chorioallantoic membrane. Four of the 
11 “normal’' sera and 3 of the 14 .=crn with 
positive Wassermnnn reactions fixed comple- 





Vic, 1. 

IK' niVr.'iiii- iiifii'tH] A’.itli t/'xo- 
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former requires the use of living parasites and 
test animals, whereas the rabbit brain antigen, 
generally used in the latter, gives non-specific 
reactions under certain conditions. The 
present report describes the successful cultiva- 
tion of toxoplasma parasites in embryonated 
eggs together with a method for preparing 
complement-fixing antigen from infected chick 
embr}^ tissue. Preliminary diagnostic data 
obtained using this antigen in tests with sera 
of patients are included. 

Materials and Methods, (a) Strain oj 
Toxoplasma and Its Maintenance in Embry- 
onated Eggs. The RH strain of toxoplasma of 
human origin^ was employed in the present 
studies. Infected mouse brain material was in- 
oculated into embryonated eggs and the agent 
subsequently was maintained by serial passage 
in the avian host. For this purpose the brains 
of those embrjms which appeared moribund 
7 to 8 days after inoculation were removed, 
and a 10% suspension of tissue, partiall}' clari- 
fied by light centrifugation, was injected in 0.1 
cc amounts into the chorioallantoic sacs of 
normal embryos. Impression films, prepared 
from the brain tissue of selected embr\'os, 
were stained by Giemsa’s method and the 
presence of toxoplasma was verified before 
passage was performed. 

(b) Preparation oj Complement-fixing An- 
tigen. Chorioallantoic membranes bearing 
macroscopic lesions were harvested from 12 
or more eggs on the seventh day after inocula- 
tion. These were pooled, ground in a mortar 
with sterile alundum and a 10% suspension 
was prepared by adding physiological saline 
solution buffered at pH 7.4. This crude sus- 
pension was frozen and thawed 3 times and 
then clarified by centrifugation at 3,500 
r.p.m. for 15 minutes in an angle machine. 
The supernatant fluid, after addition of suffi- 
cient merthiolate to bring the concentration 
to 1:10,000, constituted the antigen. This 
was generally stored at — 20'C until used. 
Normal 16-day-old chick embryos were simi- 
larly treated to prepare an antigen for use as 
control material. 

(c) Specific Immune Sera. Immune sera 
were obtained from rhesus monke\'s and from 
guinea pigs convalescent from infection with 

sm. 


to.xoplasma. I^Ionkei^s were infected by the 
subcutaneous inoculation of 0.1 cc of mouse 
brain suspension containing approximately 
10,000 to 100,000 minimal lethal doses of the 
organism as estimated by intracerebral titra- 
tion in mice. Guinea pigs were inoculated 
intraperitoneally with 100 to 1,000 minimal 
lethal doses of to.xoplasma similarly estimated. 
Both monkeys and surviving guinea pigs were 
bled for immune serum appro.ximately 30 days 
after inoculation. 

Sera from a number of patients who had 
been suspected of having a to.xoplasma infec- 
tion were available for study. These sera had 
been stored at -20- C for from a few days 
up to 3 3 ’ears. 

(d) Neutralization Tests. The presence 
in serum of neutralizing antibodies against 
to.xoplasma was determined b\' the method of 
Sabin and Ruchman.’^ In this procedure mi.x- 
tures of serum and infectious mouse brain sus- 
pension are inoculated intracutancously into 
rabbits and the resultant lesions are read on 
the fourth to seventh day. 

(e) Complement-fixation Tests. Tests for 
complement-fixing antibodies were performed 
in the following manner: Tubes containing 
0.25 cc amounts of the appropriate dilutions 
of the serum to be tested received 0.25 cc of 
antigen (4 units) and 0.5 cc of fresh dilated 
guinea pig serum containing 2 units of com- 
plement as determined bj' preliminary titra- 
tion in the presence of four units of antigen. 
These were incubated overnight at 5-C. The 
hemohdic s\'stem, consisting of 0.5 cc of an 
equal mixture of a 3% suspension of washed 
sheep er.vthroc\'tes in saline and diluted ambo- 
ceptor (2 units), was then added to tlie tubes. 
The mixtures were incubated at 37 C for a 
half hour and then read in the usual manner. 
In addition to the usual controls, each serum 
was tested with normal antigen employed at a 
dilution comparable to that of the toxoplasma 
antigen.* 

Experimental, (a) Cultivation. The intro- 
duction of toxoplasma into the chorioallantoic, 
amniotic, or \'olk sacs almost invariabh- re- 

* All coiniilcmcnt-fi.xation reported in tlii'! 

ji.npcr ■were performed liv Mr. M. .T. .C'n.viier ol flii< 
dc)>artim-tit to tvliom the .aiitlior.s wi-Ii to . xpn 
their gr;ititiide. 
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TABLE in. 

Positive Serological Bcaetions of Patients Having Clinical Evidence of To^toplnsmosis. 




Test 

Patient 

Clinical manifestations 

Neutraliz.ation* 

Complement-fixation 

(Titer) 

A 

Fatal case of toxoplasmosis in infant 

Stroncly pos. 

1:32 

B 

Infant with chorioretinitis, cerebral 
calcification and mental retardation 

Positive 

1:128 

0 

Healthy mother of infant A 

Strongly pos. 

1:128 

D 

Healthy mother of infant B 

Positive 

1:128 

E 

Healthy mother of infant with 
congenital c-ataracts 

} f 

1:16 

F 

Adult ivith cutaneous nodules, 
chorio-retinitis and fever 

99 

1:128 


* Neutralization by tlie test serum of a 1:100 dilution of toxoplasma-infected tissue rvlicn the 
mixture is injected intracutaneously in the rabbit is regarded ns .a positive reaction; neutraliza- 
tion of a 1:20 dilution ns n strongly positive. 


blood, and sternal marrow gave negative re- 
sults. Because of these serological findings, 
the patient was tested for cutaneous reactivity 
to toxoplasma material. For this purpose, 
1/100 and 1/1000 dilutions of standard com- 
plement-fixing antigen and a 1/1000 dilution 
of normal egg antigen prepared in a similar 
fashion were injected intracutaneously in 0.1 
cc amounts. Although there was no imme- 
diate reaction at any of the sites, both of the 
areas receiving the toxoplasma antigen devel- 
oped erj'thema and induration at 24 hours 
which persisted for several days; the lesion at 
the site of the 1/100 dilution was 1 x 2 x 0.1 
cm and at the 1/1000 dilution was 1 x 1 x 0.1 
cm. No reaction was elicited at the site of the 
injection of normal egg material.* 


Summary. Inoculation of embryonated eggs 
with to.xoplasma resulted in a generalized para- 
sitic disease of this host with a fatal termina- 
tion. The agent could be maintained by serial 
passage of embryo brain. Chorioallantoic 
membranes from infected eggs contained a 
stable, specific soluble antigen which fixed 
complement with toxoplasma immune animal 
serum. Human sera from both proven and 
suspected cases of toxoplasmosis which were 
knoHTi to contain neutralizing antibody 
against the parasite also fixed complement 
with chorioallantoic membrane antigen. 

f These studies were performed in colI.ubor.Ttion 
with Drs. A. J. Brenn.sn and T. Brown, ^^ount 
Alto Ilospit.al, tS'asbington, B.C., and will bo re- 
ported in detail elsewhere. 
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Influence of 0.\ophcnar.<iinc on Hypoglycemic Action of Insulin. 


CurroRD S. Leonard. 

from the TteiMirtment of rhnrmneolop;,. Colhoe of ruiver.'^il;, of rrn,m„t.- 


Noting the results obtained by Barron and 
Singer' in inhibiting the activity of certain 
eiizymc.s with arsenoxides and their use of this 
reaction as a test of the essential SII groups 

• Bresent address. I.nI;oside Enborntories, Inc.. 
Mihvnuhco, Wise. 

r Barron. E. S. G.. .and Sing. r. T. P.. Science, 

lets, uT, r>oi'. 


of such enzymes, the author thought it of 
interest to incubate insulin under sterile con- 
ditions with the arseno.xide, oxophenarsinc 
(3-amino-4-hydro.xj-phcnyl arsenoxide hydro- 
chloride) . While enzj'me workers assume that 
reaction is only with free SH groups, it seemed 
possible that a part of the arsenoxide micht 
reduce the S-S linkages of insulin to -SH. 
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ment at dilutions of 1/4 to 1/8 with both toxo- 
plasma and normal egg antigens. All of the 
“normal” sera which reacted in these tests, 
however, were obtained from individuals im- 
munized with vaccines of egg origin, and 
fixation of complement by mixtures of normal 
egg antigen and sera from vaccinated or syphi- 
litic persons is well known.^-® By contrast, 
sera from 47 adults with clinical diagnoses of 
chorio-retinitis, uveitis, iritis, or visual impair- 
ment, all of unknown etiology, were examined. 
None of these sera had significant amounts of 
neutralizing or complement-fixing antibody of 
toxoplasmosis. Tests were also made on sera 
from 7 children, aged from 6 weeks to 2y< 
years, on whom a diagnosis of to.xoplasincsis 
was entertained because of 2 or more of the 
following manifestations; chorio-retinitis, 
hydrocephalus, cerebral calcification, and 
mental retardation. Both complement-fixation 
and neutralization tests were negative with S 
sera and both were positive with the remaining 
two (infants A and B in Table III). The 
diagnosis of toxoplasmosis was proved in 
infant A by recovery of the parasites in inocu- 
lated animals and their microscopic demon- 
stration in human autopsy material. 

Sera from the healthy mothers of infants 
A and B both contained neutralizing and com- 
plement-fi,xing antibodies for to.voplasma 
(Table III). Both types of test were also 
positive on sera from a third mother who 
delivered a child with congenital cataracts; 
serum from the child was not available for 
study. N'egative results were obtained in both 
types of test with sera from 2 families, mother 
and child, in which the infant was suspected 
of having toxoplasmosb on clinical grounds. 

The serological results obtained in the case 
of a 30-year-oId male with a peculiar syndrome 
are worthy of mention. This man (patient F 
in Table III) had a nodular dermatitis, chorio- 
retinitis, weakness, weight loss, eosinophilia 
and low grade fever, all of approximately 2 
years duration. His serum gave a complement- 
kving titer of 1/128 and a strongly positive 
neutralization test. Repeated attempts to 
recover toxoplasma from cutaneous lesions, 

~ 4 Wertm.in, K., J. Zal>. din. Mrd, l.niS. 30, 112. 

s Sni.ide], J. E., IV.nrrcn, J., aiitl Snyilcr, M. .T., 

.7. Sact., 1947, 54, 77. 
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FiG.I 

^qulir Insulin 

Arsenica! TreaUd Insulin 



CoiiiiMirison nf Uio Joiveniifr of blood sugar level 
by o.Miiplioniirsino-tro.'itod iiis-tilin vitli tlio lowcriiiR 
iiiducod by roRular insulin nt tbc same unit dose. 
Te.st conducted immediately after iirejiaration. 
me Tr blood snf;ar of 30 raldiits for each 


each test (control and unknown) the blood 
suRar curve shown in Fig. I was obtained. 

There was no difference in the 2 insulins at 
the 3rd hour, hence there was no potentiation, 
but tlic marked differences at the 5th and 6th 
hours were t.vpical of an itisulin witli a delayed 
reaction. 

To test tile stability of the .-Vs-in.sulin com- 
plc.v the two specimens were again compared 
after standing in the icebox for 2 weeks. Two 
groups of 12 rabbits each were used. The 
blood sucar curve shown in Fig. 2 was ob- 
tained. 

The ar.-pcnical combination was unstable and 
at 2 weeks standing in the cold the insulin had 
regained the hypoglycemic properties of reg- 
ular insulin. 

Dtsettssinit. Dcsiritc the instability of the 
oxophenarsine-insulin compound the evidence 
of interaction may be of interest to those 
studying the mechanism of action of insulin. 
It rai-e.s the question whether an arsenical 
interaction witli S-S linkages has occurred, 
such as thioar.-enite liridge fornialion, to delay 
the normal destruction of insulin hv glut.i- 


FIG.2 

Ae^ular Insulin 

Arsenical Treated Insulin 



ifC-l>o.\-. Avr mg To blood sugar of 12 rabbits for 
each curve. 


thione ns postulated by DuVigneaud,'* or 
whether interaction might be with free amino 
groups of the hormone. Hallas-iNIoeller'’ has 
reported that reaction of insulin with phcn\-l- 
isocyanate produced a delayed reaction 
insulin claimed to form by a reaction of the 
isocyanate compound with the histidine and 
lysine free amino groups. But Stern ami 
White® have claimed that acetylation of the 
free amino groups does not appreciably affect 
insulin activity, though acetylation of the 
tyrosine OH groups docs. Whatever the mode 
of reaction may be. the compound formed is 
easily hydrolysed with regeneration of insulin. 
A further possibility is a brief, temporary par- 
tial inactivation of the insulin. At body tem- 
perature this effect may have been decreasing 
by the third hour, but be .cufneient to oroduce 


I (. 1 ) du Vipnraud. V.. I'i'clj. Pobrirolc. 1'.'. 
and I.ocKwnnd. \V. tV.. .T. I'.M. Cliciu., iro.l, 5 )j' 
233: (b) du Vignp.-nid. V.. CoM Si>rir.p Jlnihu 'r 
S;n7}pnfin Qur.nt. Tint.. (!_ g;.- 

.s Moeller, K., Dls ...rtati,,,,. O.ju nbng. ,.. 

ven auSlior’,- .viiiiimarv, .irrh. I’ltnriA. n,, 

Cl, IP m, r.g, f, 27, 

Stern. K. tt., and IVblte 
IP.ld. ivrg, .371. 


ite. A., j. Java. ch-f,.. 



Oxophenarsike-Insulix Complex' 


being converted to the arsonic acid, and that 
then another portion might react with insulin 
-SH to form thioarsenites. It was expected 
that such a reaction would cause loss of insulin 
potency. Under the proper conditions rather 
a prolongation of action but not a loss of 
potency was observed. 

Methods. The insulin used was Lilly 
Isletin, 20 units/cc. The oxophenarsine h\-- 
drochloride was pure 3-amino-4-h3'droxy- 
phenjd arsenoxide hj'drochloride hemialco- 
holatef (mol. wt. 254.4), and not the com- 
mercial Mapharsen, containing sucrose and 
sodium bicarbonate buffers. 

The insulin bioassay method in prelim- 
inary tests was the 5-hour rabbit blood sugar 
method of Marks.- In later tests by the Eli 
Lilly Co. their standard method of 5-6-hour 
rabbit blood sugar test was used (tests at 1.5, 
3, 5, and 6 hours). 

Incubation of insulin and oxophenarsine: 
Into sterile rubber capped test tubes or bottles 
under sterile conditions a given volume of the 
insulin (e. g., 10 cc of 20 units/cc) was deliv- 
ered and an equal volume of sterile n/320 HCl 
in 0.85% saline was added. After replace- 
ment of the air with nitrogen gas the o.xophen- 
arsine salt in proper amount was dropped in, 
the container sterilely capped, shaken, and 
incubated for 18 hours at 37°C. The fluid 
%vas then used for the dilution (with the same 
sterile acid saline) to the 1 or ^4 unit per 0.5 
cc dose injected into the rabbits. Control 
animals received the same insulin, which in the 
1-1 dilution with acid saline was incubated in 
similar manner without addition of the arsen- 
ical (hereinafter called the regular insulin). 

Calculation of the molar equivalent of oxo- 
phenarsine per molar sulfur content of the 
insulin: Assuming that 20 units of insulin 
equalled 2.32 mg of insulin and taking Sved- 
berg’s value for the mol. wt. of insulin at 
37,000 and the sulfur content at 3.2%, it was 
calculated that the molecule of insulin con- 
tained 37 atoms of sulfur and that a mole of 
oxophenarsine would be needed for each. (It 
may be noted that Stern and White’s- claim of 

~TKina^ suppiiccl Ijy 15r. Olivor K.nimii of tlio 
Parke Pavis Company. 

2 Peseribed in Burn, .T. II., moJogical Slondard- 
Kciiions, London, 1P3S, p. 7.011. 


36 atoms of sulfur, viz., .18 S-S links, would 
allow for a slight e.xcess of oxophenarsine, 
while a higher mol. wt. with the same S per- 
centage content would also allow an excess.) 
By calculation, with an equivalence of one 
mole of oxophenarsine per 37 atoms of sulfur, 
1 mg of insulin would require 0.2534 mg of 
oxophenarsine salt, and 1 ml of 20 units/ml 
insulin would require 2.32 X 0.2534 or 0.587S 
mg of the arsenical Ten ml of 20 units/ml 
insulin would then need 5.89 mg for one mole, 
11.78 mg for 2 moles. To allow a slight 
e.xcess the above values were rounded to 6.00 
mg and 12.00 mg respectively per 10 ml of 
20 units/ml insulin. 

Results. Preliminary work. An initial test 
b)' the Marks method, upon addition of 6.00 
mg of o.xophenarsine salt per 10 ml of 20 
units/ml insulin and incubation, showed an 
apparent loss of potencj'- from 100% for the 
regular insulin to 87% for the arsenically 
treated insulin. 

In the e.xpectation of a possible further loss 
of potency Mth a doubled quantitj'' of the 
arsenical, that amount was tried and the incu- 
bate tested on 5 rabbits, which, on the first 
day received the regular insulin ( 1 unit) and 
2 days later received the unknown “treated 
insulin” (1 unit). This statistically invalid 
test showed an apparent increase in potency 
such as might be found in working in the 
upper flat part of the dose response curve. 
Hence, another set of 5 rabbits was tested, 
using unit insulin doses, and again an 
apparent increase in potency was observed. 
At this point, howei'er, the 6th hour blood 
sugars were taken and were found to average 
26.1% below the normal at this time. 

With the possibilit}' that a delayed reac- 
tion insulin had been obtained, arrangements 
were made with Edward D. Campbell? of the 
Eli Lilh' Co. to prepare similar batches of 
control insulin and o.vophenarsin-treated insu- 
lin and make a statisticalh" valid test by then- 
standard method. 

Results of the Lilly Lahoratorics test: 
Based on results obtained from 30 rabbits on 

3. Stern, K. G.. rind Wliite, A., .r. Biot. Hit in., 
1937. IIT, 95: 19::7. 115), 215. 

t IVe desire to tlnuilc Dr. 0. II. A. CIowi'n and 
Dr. C.-uiiubell for nrmiifiiiifr tlie-'-e tesf.-. 
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The hyaluronidase? was obtained from bull 
testes according to the method of Hahn.® The 
extract was dried while frozen and processed 
by the Madinaveitia method*' with ammonium 
sulfate fractionation. The final enzyme prep- 
aration contained 233 turbidity reducing units 
per milligram.*® 

Methods. Erythrocyte Sedmenlation Rale. 
E.S.R. w'as measured throughout these experi- 
ments by a modified Westergren technic,** 
with no correction for hematocrit. 

Estimation oj Hyaluronic Acid. Many acid 
mucopolysaccharides %vill co-precipitate with 
protein at an acid pH.*-’*® The resulting 
turbiditj' has been used by Kass and Sea- 
stone*® as a quantitative measure of hyalu- 
ronic acid; a modification of their procedure 
was employed. Serial dilutions of sodium 
hyaluronate were made in normal rabbit 
plasma, 1.0 ml samples of which were then 
acidified by adding 9.0 ml of pH 3.1 acetate 
buffer (0.5 M). Concentration of the sodium 
hyaluronate in the several samples could be 
correlated with percent transmission read in a 
photoelectric nephelometerll with a 530 A 
filter. In all cases, incubation of the serially 
diluted sodium hyaluronate with hyaluroni- 
.dase (1.0 mg in 0.1 ml physiological salt solu- 
tion) at 37^ for one hour prior to acidification 
completely prevented the turbidity. 

.•\n attempt was made to use the carbazole 
reaction" to determine hyaluronic acid colori- 
metricall}'. By the direct method of Seibert 
and Atno,*’"’ using galactose as the standard, 

^ Kindly fiirnislicd for tlie.'ii' c.'CjK’riim’nts l,v 
courtrsy of tlie I’jirkoD.’ivi.s Coniininy, Ilotroit, 
Midi. 

Ualiii. I... Itioclicm. 1!M3, Hl.T, ,SS. 

f .Madin.’ivoiti.n, .1., lliorhcm. ,1., Itm, rUi, Ai7. 

U) Kn><i, !■;. n., and Scnstoni', r. V., .1. /;>;•. Mnl., 
int i, 7J», .TIP. 

u tWitcrpri’n, .\.. .trla .Mrd. .'iriimlinav., 1020, 
."I, 247. 

>- Meyer, K., .and I’.nliner, .1. W., ./. lUol. Chrin., 
lO.iri, 1 M. tiSO. 

>reyer. K., P.’ilmer, .1. \V., .-ind .‘Jmytli. K. M., 
J. lliol. Chrm.. lOST. Itll, .SOI. 

T.mnetron, Model dOO.V. I'liotovolt C'orj... New 
Vork City. 

H l)i>.rlie, Z., .MUnx-hnnir, loso, fj, 4 

ir. .^eiliert, T. It., .nnd .Mtio, . 1 ,. . 1 . rhnn.. 
KMC., lim, ,'.11. 


TABLE I. 

Effect on Erytlirocyte Scdiment.Ttion H.Tte of Add- 
ing Sodium ilyaluron.ite to Ox.nl.ntcd R.olibit Blood' 
and Washed Erythrocyte .Su.spen.sions. 


Sodium 

liy.aluronute 

mg/ml 

Erythrocyte sedimentation rate 

Wliole blood 
mni/lir 

W.nshcd erythrocytes* 
nim/hr 

0.00 

o 

1 

0.38 

0 

0 

0.37 

15 

20 

0.75 

40 

30 

1.3 

80 

78 

3.0 

4t 

Ot 


• Washed 3 times with physiological .salt .solu- 
tion, then brought to volume in this diluent. 

t Inhibition due to viscosity and clumping 
cffect.s. 

tests on serial dilutions of sodium hyaluronate 
in normal rabbit plasma showed that the pro- 
cedure was not sensitive enough to measure 
accurately the small sodium hyaluronate con- 
centrations needed to increase the E.S.R. 

Preliminary Tests. To evaluate the relia- 
bility of the methods employed for the deter- 
mination of hyaluronic acid in blood, experi- 
ments were carried out in vitro and in vivo. 
The increases obtained in E.S.R. on adding 
various dilutions of sodium hyaluronate to 
normal rabbit blood are shown in Table I. 
The apparent Inhibition of the settling velocity 
in the highest concentration of the poly- 
s.accharide (3,0 mg/ml) was due to viscosity 
and clumping effects, since dilution with whole 
blood or ph 3 -siological salt solution (P.S.S.) 
accelerated the E.S.R. Results similar to 
those in Table I were obtained with human 
blood. In everj' instance, following incubation 
with hyaluronidase, the settling velocity re- 
turned to normal. Hyaluronidase failed to 
affect the increased E.S.R. produced by gela- 
tin or gum arable. 

In the in vivo studies, rabbits weighing 1 to 
2 kg were injected intravenously with varying 
amounts of sodium hj-aluronate. Increased 
E.S.R. and phxsma turbidity could be demon- 
strated for varying periods after injection, as 
shomi in T.ible II. In every case, the 
incrc.ascd E.S.R. and the plasma turbidity 
were abolished by incubation with 1.0 mg of 
hyaluronidase at 37" for one hour. 

Invcstif^ation oj lilood jrom Clinical Cases 
Specimens of oxalated blood were obtained 
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a delayed reaction. 

Summary. On incubating insulin under 
sterile conditions in acid saline with 2 moles 
of oxophenarsine (3-amino-4-hydroxypbenyl- 
arsenoxide hydrochloride) for each atom "of 
sulfur contained in the insulin, it was found 
(by blood sugar determinations) that the 
effect of the treatment was to prolong the 


action on the blood sugar bej’ond that of un- 
treated insulin. Howev^er, after 2 weeks stand- 
ing this delayed action effect had disappeared 
and the material gave a blood sugar cun’c 
identical to that of the control insulin. Pos- 
sible mechanisms of the interaction of oxo- 
phenarsine and insulin are briefly discussed. 


16215 

Failure to Relate Hyaluronic Acid to Elevated Ei-ythrocyte Sedimentation 
Rate in Rheumatic Diseases.* 

J. S. Youngner and C. H. Altshuler.! (Introduced by W. J. Nungester.) 

From the Hygienic Laboratory, University of Hicliigan, Ann Arbor, MicTi.i 


It has been demonstrated that many asj'm- 
metric macromolecular substances are capable 
of increasing the erythrocyte sedimentation 
rate (E.S.R.) when added to normal blood. 
The substances listed by Fahraeus^ as having 
such an action were gelatin, agar, gum arabic, 
gastric mucin, fibrinogen, globulin, and sodium 
caseinate. In recent years, pneumococcus 
capsular polysaccharides,- deso.xyribonucleic 
acid,®'^ and hyaluronic acid^ have been shown 
to e.xert a similar effect. Meyer reported*-® 
that a testicular extract containing hyaluroni- 
dase, an enzyme complex which depolymerizes 

' Supported in part by the Faculty Eesearch 
Fund of tbe Horace H. Backliam School of 
Graduate Studies, University of Michigan. 

t Present address; J. S. Youngner, National 
Institute of Healtli, National Cancer Institute, 
Betliesda, Md.; C. H. Altshuler, Department of 
Patliolog}', University of Wisconsin, Madison, 
Wise. 

t The authors ivish to thank Drs. W. D. Eobinsou 
and W. D. Block of the Eackham Arthritis Ee- 
search Unit for furnishing blood from cases of 
rheumatoid arthritis and salicylate levels used in 
this report. 

1 Fahraeus, E., Acta Atcd. Scandinai., 1921, 
55, 1. 

2 Nungester, W. J., and Klein, L. F ., Peoc. Soc. 
Exp. BroL. aw Med., 1937, SO, 313. 

3 Mori, S., Hcbbolcu, 1911, 10, 50. 

4 Meyer, K., Hahnel, E., and Feiner, E. E., Peoc. 
Soc. EXP. Biol. .\xd JIed., 1945, 58, 30. 


hyaluronic acid, when added to the blood of 
rheumatic fever patients decreased the ele- 
vated E.S.R. to normal limits. This report 
seemed of significance since hyaluronic acid is 
believed to be a constituent of the amorphous 
ground substance of the connective tissue, 
the site primarily involved in rheumatic fever.® 

The investigation reported here was under- 
taken to determine whether hyaluronic acid ia 
present in the blood of patients with rheu- 
matic diseases and whetlier this substance is 
responsible for the elevated E.S.R. commonly 
observed. 

Materials. The sodium salt of hyaluronic 
acid was prepared by a modification of the 
method of Seastone.'^' An aqueous extract of 
umbilical cord was deproteinized b^- stirring 
with a chloroform-amyl alcohol mixture in a 
Waring blender. The polysaccharide was 
finally precipitated by the addition of 2 vol- 
umes of ethjd alcohol saturated with sodium 
acetate in the cold. Sodium hyaluronate pre- 
pared in this manner produced a clear or 
opalescent, highly viscous solution at a con- 
centration of 1.0% To avoid discrepancies 
due to variations in the preparation, one batch 
was made and used throughout the e.x'periment. 

3 Meyer, K., Oi.ipfer IS, Currents in Iliochcmical 
Eesearch, ed. by Green, D. E., 1940. 

CKUngc, F., Ergeh. it. aVg. Path. v. Path. Anal., 
1933 27 1. 

vSeastone, C. V., ,7. Exg. Jled., 1939, 70, 301. 
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The hyaluronidase^ was obtained from bull 
testes according to the method of Hahn.® The 
extract was dried while frozen and processed 
by the Madinaveitia method® with ammonium 
sulfate fractionation. The final enzyme prep- 
aration contained 233 turbidity reducing units 
per milligram.^® 

Methods. Erythrocyte Sedimentation Rate. 
E.S.R. was measured throughout these experi- 
ments by a modified Westergren technic,*^ 
with no correction for hematocrit. 

Estimation oj Hyaluronic Acid. Many acid 
mucopolysaccharides will co-precipitate with 
protein at an acid pH.'®-’® The resulting 
turbidity has been used by Kass and Sea- 
stone’® as a quantitative measure of hyalu- 
ronic acid; a modification of their procedure 
was employed. Serial dilutions of sodium 
hyaluronate were made in normal rabbit 
plasma, 1.0 ml samples of which were then 
acidified by adding 9.0 ml of pH 3.1 acetate 
buffer (0.5 jM). Concentration of the sodium 
hyaluronate in the several samples could be 
correlated with percent transmission read in a 
photoelectric nephelometerll with a 530 A 
filter. In all cases, incubation of the serialU’ 
diluted sodium hyaluronate with hj'aluroni- 
dase (1.0 mg in 0.1 ml physiological salt solu- 
tion) at 37’ for one hour prior to acidification 
completely prevented the turbidity. 

An attempt was made to use the carbazole 
reaction’ ' to determine hyaluronic acid colori- 
metrically. By the direct method of Seibert 
and .Mno,’® using galactose as the standard, 

^ Kindly furni.slicd for tlic.se 0-\])crinicnts by 
courtesy of tlic rurkc-llavis Coiniuiny, Detroit, 
Mich. 

8 llahn, D.. JSioclirm. 7... til.”. 83. 

!• Mndinnveitia, . 1 ., liinchrm. . 7 ., lim, 447. 

10 Kass. K. H., and .Seaslone, C. V., J. ICxp. Mc<7., 
1944, 71), 319. 

It Westercren, A.. .-Ida Mn{. .svniidinor., l!)2n, 
•Yl. L’4r. 

)- Meyer, K., .md Palmer, .1. W., .1. lUn!. Chnn., 
1930. 1M,GS9. 

Meyer, K., Palmer, .1. W., and Smyth, K. M., 
.7. Jlinl. Chnn., 1937. Ill), .‘(ni. 

" Knmetron, Model 400A, Photovolt Cor]>.. New 
York City. 

)< Di'ehe, Z., .UilToe/iemiV. 1930, «. 4 . 

)•'. Seibert, K. I!., and Atno. .1., .7. j;iol. Chftn 
1910, UUl, .',11, 


T^YBLE I. 


Effect on Erythrocyte Sedimentation Kate of Add- 
ing Sodium Hyaluronate to Oxalated Rabbit Blood' 
and Washed Erythrocyte Suspensions. 


Sodium 

hyaluronate 

mg/ml 

Erytliroeyte sedimentation rate 

Whole blood 
mm/hr 

Washed erythrocytes* 
mm/hr 

0.00 

0 

1 

O.IS 

G 

9 

0.37 

15 

20 

0.75 

40 

50 

1.5 

80 

78 

3.0 

4t 

Of 


* Washed 3 times with physiological salt solu- 
tion, then brought to volume in this diluent. 

f Inhibition due to viscosity and clumping 
effects. 

tests on serial dilutions of sodium hyaluronate 
in normal rabbit plasma showed that the pro- 
cedure was not sensitive enough to measure 
accurately the small sodium hyaluronate con- 
centrations needed to increase the E.S.R, 

Preliminary Tests. To evaluate the relia- 
bility of the methods employed for the deter- 
mination of hyaluronic acid in blood, experi- 
ments were carried out in vitro and in vivo. 
The increases obtained in E.S.R. on adding 
various dilutions of sodium hyaluronate to 
normal rabbit blood are shown in Table I. 
The apparent inhibition of the settling velocity 
in the highest concentration of the polj'- 
saccharide (3.0 mg/ml) was due to viscosity 
and clumping effects, since dilution with whole 
blood or physiological salt solution (P.S.S.) 
accelerated the E.S.R. Results similar to 
those in Table I were obtained with human 
blood. In every instance, following incubation 
with hyaluronidase, the settling velocity re- 
turned to normal. Hyaluronidase failed to 
affect the increased E.S.R. produced by gela- 
tin or gum arabic. 

In the ill vivo studies, rabbits weighing 1 to 
2 kg were injected intravenously with varying 
amounts of sodium hj’aluronate. Increased 
E.S.R. and plasma turbidity could be demon- 
strated for varying periods after injection, as 
shown in Table II. In every case, the 
increased E.S.R. and the plasma turbidity 
were abolished by incubation with 1.0 mg of 
hyaluronidase at 37“ for one hour. 

Investigation oj Blood from Clinical Cases. 
Specimens of oxalated blood were obtained 
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-r . ^ . TABLE n. 

Intravenous Injection of Sodium Hyaluronate in Ealibits. Inhibition of Increased 
-- Sedimentation Bate and Plasma Turbidity bj- Hyaluronidase. 


Erythrocyte 


Rabbit 

Sodium 

hyaluronate 

injected, 

mg/kg 

Time after 
injection 

Erythrocyte sedimenta- 
tion rate after incu- 
bation ’with 

Plasma turbidity 
.after incubation witli 

* 

P.S.S. Hyaluronidase, 
% trans- % trans- 
mission mission 

P.S.S.,* 

mm/Iir 

' % 

Hyaluronidase,* 

mm/hr 

1 

72.2 

40 min. 

72 

1 

54 

100 



6 br 

15 

5 

69 

100 



96 ” 

1 

— 

100 

100 

2 

72.4 

3 min 

42 

1 

42 

100 



Ibr 

53 

1 

47 

100 



6 ” 

15 

1 

62 

100 

3 

38.7 

30 min 

12 

I 

61 

100 


* See text. 


from 16 cases of rheumatic fever, If 16 cases of 
rheumatoid arthritis, and 10 patients with 
various other diseases. The initial E.S.R, was 
first determined. To investigate the effect of 
hyaluronidase, 1.0 mg in 0.1 ml P.S.S. was 
added to 1.0 ml of the blood and as a control, 

O. 1 ml P.S.S. alone was added to an equal 
volume of blood. These specimens were incu- 
bated at 37°C for one hour and the E.S.R. 
again measured. As indicated in Table III, 
in most cases where there was a significant 
alteration of the E.S.R. by hyaluronidase, the 

P. S.S. alone produced a similar effect. 

The turbidimetric method described earlier 
for estimating hyaluronic acid in plasma was 
applied to two 1.0 ml samples of plasma from 
the same blood. To one was added hyaluroni- 
dase; to the other P.S.S., as above. After 
incubation at 37° C for one hour, the plasmas 
were acidified ivith the acetate buffer. In no 
case did the two specimens show a significant 
difference in the turbidity formed. Rarely 
was there a measurable difference between the 
results obtained with the pathologic specimens 
and those from normal individuals. 

It has been reported**'’^''” that many blood 
specimens contain antinvasin, a substance 
which inhibits hyaluronidase activity. Hyalu- 
ronidase inhibition by human or rabbit plasma 

■ii Obtained tbrougU the courtesy of Dr. P. V. 
"Wooley of Children’s Hospital, Detroit, Mieh. 

10 Haas, E., Biol. Chcvi., 1046, 103, 63. 

If H.aas, E., J. Biol. Chcm., 194G, 103, 101. 


was not encountered under the experimental 
conditions in this study. 

Many patients involved in this study had 
been on salicylate therapy. Since this thera- 
peutic agent has been reported to have a 
hyaluronidase-inhibiting activity,^ e.x- 
periments were carried out to determine 
whether it had been responsible for the failure 
of hyaluronidase to alter the E.S.R. 

Varying quantities of sodium salicylate 
(10% in P.S.S.) and sodium hyaluronate were 
injected intravenously into rabbits, blood was 
drawn by cardiac puncture at interv'als, and 
salicylate determined bj’ the method of Brodie 
ct al.-^ Although salicylate affected the ele- 
vated E.S.R. produced by sodium hj'aluronate, 
it did not alter hyaluronidase inhibition of 
E.S.R. and plasma turbidity (Table IV) . This 
is in agreement with the results of Pike-' and 
would seem to rule out salicylate inhibition as 
a factor in the failure of hyaluronidase to alter 
significantly the E.S.R. of the clinical blood 
specimens tested. These findings do not rule 
out the possibility of interference with the 
oligosaccharase action of tlie hyaluronidase 

IS Guerra, P., Science, 194C, 10.1, CSC. 

19 Guerra, F., J. Flmrm. Bxp. Thernp., 194G, 
S7, 143. 

20 Dorfman, A., Ecimers, E. J., and Ott, If. L., 
Proc. Soc. Exp. Biol, ax-d Med., 1947, 0-J, 3o7. 

21 Brodie, B. B., Hdcnfricnd, S., and Coburn, 

A. F., J. Pharm. Bxp. Thcrap., 3944, 80, 114. 

22 Pike, R. M., Science, 1947, 105, 391. 
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TABLE III. 

Effect of Hyaluronidase on Elevated Erythrocyte Sedimentation Kate of Blood from Patients 

with Various Diseases. 


Disease condition 

Patient 

Erythrocyte sedimentation rate 

After incubation with 

Initial, Hyaluronidase,* P.S.S.,* 
mm/lir mm/hr mm/hr 

Kheumatic fever 

1 

08 

90 

83 


2 

113 

. 122 

115 


3 

42 

46 

37 


4 

95 

71 

90 


5 

29 

22 

14 


G 

18 

8 

7 


7 

8 

3 

o 


8 

19 

8 

8 


9 

18 

18 

30 


10 

74 

07 

55 


11 

44 

47 

— 


12 

45 

24 

IG 


13 

34 

34 

25 


14 

2G 

8 

10 


15 

1C 

3 

3 

• 

IG 

17 

9 

5 

Kheumatoid arthritis 

17 

52 

34 

34 


18 

70 

79 

74 


19 

lOG 

122 

112 


20 

88 

62 

53 


21 

40 

40 

3G 


22 

20 

12 

12 


23 

20 

15 

O 


24 

92 

8G 

75 


25 

38 

42 

37 


2G 

— 

35 

32 


27 

38 

33 

32 


28 

C5 

52 

48 


29 

85 

SO 

03 


30 

— 

72 

GO 


31 

105 

107 

105 


32 

28 

20 

30 

Acute di.ssemin.itcd lupus erythematosus 

33 

07 

55 

70 

Upper rc.spiratory infection 

34 

44 

41 

37 

Pulm. tuberculosis 

35 

30 

42 

34 


3G 

C2 

88 

79 

nodgkins disease 

37 

140 

135 

127 


38 

95 

110 

95 

Ea-mphosarcoma 

39 

52 

27 

27 

Aplastic anemia 

40 

130 

140 

130 

Pernicious anemia 

41 

41 

20 

34 


42 

r.i> 

57 

59 

* .'^ec text. 


complex.-^ S:ilicylate.=; Iiavc been reported to 
decrease the E.S.R. of pathologic blood spcci- 

i'Dahn, 1^.. .lrJ.!r. Krmi. .)tir,rrn!. Gen}.. I'Md. 
21I.V, No. 1; Ihul, IPIC, Xn. o 


men.s.=‘ The e.vplanation of this phenomenon 
15 obscure and is under further investigation. 


SI iromburcer, F.. Jm. .7. Jfrd. .Vf 

ms. 


3P{5. 


110 , 
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TABLE IV. 

Pailure o£ Sodium Salicylate to Alter Action o£ Hyaluronidase on Increased Ervtlirocyte Seiliinentation 
Hate and Plasma Turbidity Eollowing Intravenous Injection of Sodiain Hyalwronate. 


Rabbit 

Sodium 

Iiyaiuvonate, 

‘ mg/kg 

Time after 
injection 

Salicylate 
level, 
mg % 

Erythrocyte sedimentation 
rate after incubation 
with 

Plasma turbidity 
after incubation with 

P.S.S., 
% trans- 
mission 

Hyaluronidase, 
9r trans- 
mission 

. 'ps.s.,* 

mm/hr 

Hyaluronidase,* 

nim/hr 

1 

91.T 

30 niiu. 

37.5 

1 

1 

37 

100 



5 hr 

1G.7 

O 

2 

90 

100 

O 

6G.G 

1 ” 

5.G ■ ’ 

38 

1 

48 

100 



0 

4.6 

10 

1 

66 

100 

3 

62.5 

1 ” 

52.8 

15 

f) 

52 

300 



5 ” 

33.4 

12 

2 

CO 

100 

4 

S2.3 

1 ” 

73.8 

1 

1 

53 

100 



5 ” 

43.0 

12 

1 

G3 

100 


* See text. 


Discussion. The data presented in this 
report fail to substantiate the possibility that 
hyaluronic acid, at least in a ' polymerized 
form, is present in the blood of patients with 
rheumatic fever, rheumatoid arthritis, and 
several other diseases (Table HI) as has been 
suggested by Meyer.'' The polysaccharide 
could not be demonstrated in the blood of 
normal individuals.^^ Depolymerized hyalu- 
ronic acid would not be demonstrated by the 
methods employed here, but previous work^ 
and our orvn indicate' that the depolymerized 
acid rvill not increase E.S.R. to a marked de- 


25 Duran-Bcynals, P., Sad. Sev., 1942, O, 197, 


gree. In a personal communication, Dr. Karl 
Meyer has stated that in studies with his prep- 
arations of hyaluronidase, spreading activity 
and E.S.R. inhibition did not run parallel. 
He was able to separate the factor that de- 
creased E.S.R. from hyaluronidase activity 
by adsorption on lead sulfide. 

Summary. 1. Hyaluronic acid is appar- 
ently not responsible for the increased ery- 
throcyte sedimentation rate of blood from 
patients with rheumatic fever and rheumatoid 
arthritis. 2. Sodium salicylate failed to 
inhibit the effect of hyaluronidase on elevated 
E.S.R. produced in rabbits by the intra- 
venous injection of sodium hyaluronate. 
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Immunologic Reactions Following the Intradermai Incmulation of 
Influenza A and B Vaccine. 


Thomas H. Weller, F. Sargent Cheever, and John F. Enders. 

From ilw Separtmenis of Sactcnology and FedioMos, Bnrvard 31 rdical Schoat. and tnr 
Division of Infectious Disease Sesearc^ of the Children.'.'^ McdieaJ Center, Boston, .Vn. 


It has been shovm^ that the intradermai 
injection of heat-inactivated mump s virus into 

^^ideil by a. grant from tho N.itional Pouada- 
tioi) for Inf.inti!e Paralysis, lac. The tccliowal 
assislaiiee of Sam Lavin and Alice H. Northrop is 
gratefully acknon'Icdged. 


human beings may e-vert a pronounced anti- 
genic effect. Data are' available which sug- 

J. P., Kane, L. W., Maris, E. P., and 
Stokes, J., I, Srp. 3fed., 1940, 341. 

2 Stokes, J., and Enders, J. F., 1947, unpulilLsiicd 

data. 
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gest that this procedure may also induce 
active immunity. IMore recently, Van Gelder 
and associates'’ compared the rise in anti- 
hemagglutinins following intradermal and sub- 
cutaneous inoculation of concentrated vaccine 
prepared from strains of A and B influenza 
viruses. .Although the intradermal dose v.as 
only one-tenth as large as the subcutaneous 
dose, the smaller dose induced a greater mean 
antibody response. The incidence of gen- 
eralized reactions was lower in the group which 
received intradermal inoculations. Localized 
reactions characterized by redness and swell- 
ing were observed in 90% of the subjects on 
the day following the intradermal injection. 
Previously, Beveridge and Burnet^ had noted 
immediate (10-20 minutes) and delayed (24 
hours) dermal responses in certain individuals 
to intracutaneous injection of inactivated 
influenza virus. .Although in adults they 
found no correlation between the antibodj’^ 
titer and the delayed reaction, in children the 
occurrence of the latter appeared to be asso- 
ciated with the presence of antibody. 

In the early spring of 1947, an epidemic of 
influenza appeared imminent in Boston. 
Intradermal vaccination was then carried out 
in a group of adult hospital personnel. In- 
formation was obtained in respect to the anti- 
body response following vaccination. Tlie 
occurrence of local and generalized reactions 
was recorded as well as the incidence of upper 
respirator)’ infection following vaccination. 
These data are presented below. 

Malcrials and Methods. The group con- 
sisted of persons working in the Children’s 
Hospital, Boston. On March 19 and 20, 1947, 
495 adults were interviewed and a history 
taken regarding allergic manifestations and 
previous influenza vaccinations; 24 indi- 
viduals were eliminated because of a history 
of severe allergy and 4 because of a history 
of reaction to previous influenza vaccination. 
The remainder were given intraculancously 
0.1 cc of a 1:5 dilution in 0.S5% .salt .solution 
of mixed .A and B influenza vaccine (prepared 

•s V;iii (JeldiT. 1). W,, V. S., mid 

l>ufri:oi(', N. K.. f. .S'. .Vmuf Mr, I, JiuU.. lOtT. 
•«7, UT. 

* lii'VcridR.., W. 1. It., and liiirii. t, F. .M., Mni. J. 
.is.fniti.i, F.m. 1. s:,. 


of Lederle Laboratories, Lot No. 2032-34A). 
Twenty minutes after vaccination, each person 
was e.xamined and the extent of any erythema 
and induration at the site of inoculation re- 
corded. Between 44 and 52 hours after vac- 
cination, 449 individuals were re-interviewed, 
a history obtained of any systemic reaction, 
and the local reaction was measured. Before 
vaccination venous blood specimens were ob- 
tained from 110 individuals selected at ran- 
dom; 3 weeks after vaccination 88 of these 
persons were re-bled and questioned as to the 
occurrence in the interim of attacks of respira- 
tory disease. 

Between .April 25 and May 5, 1947, ques- 
tionnaires were filled out by 375 persons con- 
cerning the nature of any respiratory disease 
which occurred subsequent to vaccination. 
Data were obtained regarding the date of 
onset, duration, severity, and the presence or 
absence of the following symptoms: headache, 
fever, chills, sweating, cough, running nose, 
pain in eyes, muscle aches, sore throat, and 
general weakness. During the same period 
similar questionnaires were filled out by an- 
other group of 405 hospital workers who had 
not received influenza vaccine in March, 1947. 

The paired specimens of serum were e.xam- 
ined by a modification, developed at the .Army 
Mctlical School,*' of the Hirst agglutination- 
inhibition test using the PR8 strain of influ- 
enza .A virus and the Lee strain of influenza B 
virus. Instead of human type “O" cells 0.5% 
chicken cells were employed. 

(1) Local and Systemic Reactions. The 
immediate and delayed cutaneous responses 
were similar to those described by Beverhige 
and Burnet.'* Twenty minutes after inocula- 
tion, in tho.se who reacted, a moderate ery- 
thema of varying extent appeared around the 
site with occasionally a small central papule 
or wheal. The majority al.so showed after 4S 
hours a delayed reaction which consisted of 
a diffusely erythematous and slightly indu- 
rated area with a fairly well defined margin; 
at this time, however, in many persons the 
reaction had started to subside. 7’hc ma.xi- 
mum diameters of the local reaction are cla.^si- 
ficd in Table 1. 

Fevent) -live or 16.7% of 449 individuals 

'• fiult. F, .s. ,(rnv }lrpt.. I'lIC. a, 7TT. 
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TABLE I. 

Maximum Diameter of the Immediate and Dela 3 -ed 
Cutaneous Eesponses in 449 Adults Following 
Intracutaneous Vaccination. 


Eeaction after Beaction after 


Diameter of 

20 min 

approx. 48 lir 

mm 

Ho. 

% 

No. 

% 

0-4 

33 

7.3 

26 

5.8 

5-9 

43 

9.6 

40 

8,9 

10-14 

68 

15.2 

30 

6.7 

15-19 

58 

12.9 

31 

6.9 

20-24 

64 

14.2 

35 

7.8 

25-29 

79 

17.6 

51 

11.4 

30-34 

63 

14.1 

70 

16.9 

35-39 

22 

4.9 

43 

9.6 

40-44 

11 

2.5 

00 

13.2 

45-49 

4 

0.9 

18 

4.0 

50-54 

2 

0.4 

22 

4.9 

55-59 

0 

0 

6 

1.3 

00-64 

1 

0.2 

3 

0.7 

05-69 

0 

0 

3 

0.7 

70 or over 

1 

0.2 

5 

1.1 

Total reactions 


■ 

— 

— 

> 10 mm 

373 

83.1 

383 

85.3 


TABLE II. 

Frequency of Symptoms Ecported by 75 Indi- 
viduals Who Complained of a Systemic Beaction 
Within 48 Hours After Intracutaneous Vaccina- 
tion. 


Symptoms 

No. of times 

Malaise 

31 

Headache 

28 

Fatigue 

24 

Nausea 

14 

Cliills 

9 

Fever 

6 

Muscle pain 

4 

Sweating 

1 

Urticaria 

1 


reported that they had experienced a systemic 
reaction within 48 hours after vaccination. 
With one exception, the symptoms which are 
summarized in Table II were very mild. One 
person requested medical attention because 
of chills, malaise, and a temperature of 
100.3 °F. 

(2) Antibody Response Following Intra- 
cutancous Vaccination. Specimens of serum 
were obtained immediately before intracu- 
taneous vaccination and again 3 weeks there- 
after from 39 individuals who had not been 
previously vaccinated against influenza and 
who were free from respiratory disease during 
this 3 -week period. The differences between 
the pre- and post-vaccination titers are re- 
corded in Table III. From these data it is 


apparent that the geometric mean of the anti- 
hemagglutinin titer rose 3.6 X for Influenza 
A and 2.9 X for Influenza B following vac- 
cination. If those individuals whose initial 
titers were over 1:64 are excluded, it has been 
calculated that the geometric mean titer of 
27 persons rose 5 X for Influenza A (1:38 
to 1:193) and that of 29 persons 3.2 X for 
Influenza B (1:28 to 1:89). 

Sixteen additional individuals who had re- 
ported having a respiratory infection during 
the period between bleedings showed a rise 
of the geometric mean titer against Influenza 
B from 1:38 to 1:134. This group is con- 
sidered separately because of the presence of 
respiratory infection in the community, as 
noted below. However, since there was no 
evidence of infection with type B virus, there 
can be little doubt that the rise in titer 
occurred as a result of vaccination. 

(3) Incidence of Respiratory Disease in 
the Vaccinated and Unvaccinated Groups. 
From the second to the fifth weeks following 
vaccination there was an increased incidence 
of respiratory disease in the community. The 
increase, in part at least, could be attributed 
to a virus resembling Influenza A as indicated 
by a significant rise in agglutinin-inhibition 
titer against the PR-8 strain in the sera of a 
few unvaccinafed patients that were studied 
and by the isolation of atypical strains of 
Influenza A virus b)'^ other workers in 
Boston.'^ But analysis of the questionnaires 
revealed ver}’’ few cases in which a diagnosis 
of influenza could be made on the basis of the 
sj'mptoms reported. Therefore the incidence 
of all acute upper respiratory infection was 
determined in the vaccinated and in the con- 
trol groups. Of 316 individuals who received 
intracutaneous vaccine and who had not been 
previously vaccinated against influenza, 109 
or 34^ reported symptoms of an acute upper 
respiratory disease; in a comparable unvac- 
cinated control group, 85 or 28% of 329 
individuals had an acute respiratorj' disease. 

(4) Antibody Titer and Ij)cal and Systemic 
Responses to Intracutaneous Vaccination. 
No correlation could be discerned between 
the antibody titer at the time of vaccination 

0 Finland, M., and Morgan, H. B., 19-17, personal 
communication. 
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and the size of either the immediate or de- 
layed skin reaction. Thus, in IS previously 
unvaccinated subjects in whom the agglutinin- 
inhibition titer against both PR-8 and Lee 
antigens was 1:32 or less, the average maxi- 
mum diameter of the delayed skin reaction 
was 34 mm with extremes of 8 and 50 mm. 
In 16 similar persons with titers against both 
PR-8 and Lee of 1:64 or higher, the average 
maximum diameter was 36 mm with e.xtremes 
of 10 mm and 60 mm. 

Fifty-four of the 449 persons who were 
inoculated intradermally had previously re- 
ceived influenza vaccine; 39, or 72%, ex- 
hibited immediate skin reactions of 20 mm or 
greater. In contrast, comparable immediate 
reactions were observed in 205, or 52%, of 
those vaccinated for the first time. No rela- 
tionship was noted between the size of the 
delayed skin reaction and previous vaccina- 
tion. 

No correlation was found between the e.x- 
tent of the delayed skin reaction and the 
antibody response following vaccination. The 
average size of the immediate and of the 
delayed skin reactions did not differ signifi- 
cantly in the group that reported a systemic 
reaction and in the group that had no systemic 
response. 

Discussion. The results of the tests for 
changes in antihemagglutinin against Influ- 
enza B following intradermal vaccination with 
inactivated virus showed that when the initial 
titer of the antibody was low {i.c. 1:64 or 
less), the antigenic effect was appreciable. 
When the initial titer was moderate or 
high the response was slight or absent. 
Inactivated Influenza A vaccine introduced 
intracutaneously also appeared to exert a 
comparable, if not a greater, antigenic effect 
in persons with initial low titers. The fact, 
however, that an epidemic caused by an 
atypical Influenza A virus was current at the 
time this study was carried out prevents a 
categorical statement in respect to the effect 
of this antigen since the possible occurrence 
of inapparent infection cannot be eliminated. 
Failure of influenza vaccine to stimulate large 
increases in the antihemagglutinin titer when 
the initial U’ter is high has been noted by 
others after subcutaneous inoculation." 


The serologic data indicate that one-fiftieth 
of the dose of vaccine usually administered 
by the subcutaneous route when injected into 
the skin may give rise to antibody levels 
which are only slightly lower than those 
reported for the standard subcutaneous 
dose.®'®>*“'“ In respect to' the effectiveness 
of this route of inoculation our findings are 
in general in agreement with the observations 
made by Van Gelder and his associates^ on 
influenza vaccine and with those of Enders 
and his co-workers^ on inactivated mumps 
virus. Quantitatively, though. Van Gelder 
and his associates obtained larger mean 
increases in titer for both A and B antigens. 
This difference may possibly be attributed to 
their employment of undiluted vaccine 
whereas in our experiments the vaccine was 
diluted 1:5. Furthermore, they noted that 
the antibody concentration continued to 
increase during the period from 2 to 4 weeks 
after vaccination. Our final determinations 
rvere made 3 weeks after inoculation. 

In view of the small quantity of virus 
inoculated the high incidence of systemic 
reactions which were reported was unexpected. 
With one exception, however, these reactions 
caused no loss of working time. It is possible 
that a large number of very mild reactions 
were revealed by the method of personrd 
interview which was emplo^'ed. 

Immediate and delayed local erythematous 
reactions of 10 mm or greater in diameter 
were encountered in over 8^0% of the subjects. 
The immunologic mechanisms underlying 
these reactions remain obscure. They may be 
either manifestations of hypersensitivity 
established by previous experience with the 
viruses or the effect of a specific toxic action 
of the vaccines. An unknown proportion of 
the immediate type might be occasioned by a 

" Hirst, G. IC, Rickard, E. R., Whitman, E., and 
HorsfaR, F. E., J. Er/f. Mc/h, 1942, 75, 49,S. 

s Salk, J. E., iicnke, W. X, and Francis, T., Jr., 
Am. J. Ht/gicnc, 1945, 43, 57. 

!>Eick.ard, E. R., Thigpen, M., and Crowley, 

J. H., Avi. J. Thigieuc, 1945, 42, 12. 

10 Eaton, M. D., and Meiklejolin, G., Am. .1. 
JIggimr, 1945, 43, 2S. 

H Hirst, G. K., Flunmier, N., and Fricdcw;ild, 

W. F„ A m. Jlygu nc, 1945, 42, 45. 
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non-specific irritative effect of the inoculum. 

No evidence for an increased resistance 
attributable to the vaccination was obtained. 
The incidence of all t\'pes of upper respira- 
tor}f disease during the 2-month period suc- 
ceeding vaccination in both inoculated and 
uninoculated groups did not differ signifi- 
cantly. Several e.xplanations may be offered 
for the ineffectiveness of the vaccine. The 
strains of Influenza A may have differed in 
antigenic composition from the prevailing 
epidemic strain. This possibility has been 
invoked to e.xplain the relative ineffectiveness 
of vaccination in other parts of the country- 
during the epidemic of last spring. The 
quantity of vaccine administered may have 
been too small to establish resistance. Vac- 
cination may have been undertaken too late, 
since serologic evidence was obtained that 
Influenza A was present among the hospital 
personnel within ten days following the ad- 
ministration of the vaccine. 

Although the prophylactic value of intra- 
dermal vaccination has not been demon- 
strated, additional e.vperiments would seem 
desirable in view of the results of \’an Gelder 
and his co-workers and those reported in this 
communication. 

I- Kninci.s, T., .Ir.. Salk, .1. K., and Quillipaii, 
.1. J., .Im. ,1. Piihtic IJrtiUh, 1047, 117. 10].'!. 

i.i Sigi-I, M. M., .ShalTor, F. \V.. iind Hcnle, \V., 
.r. Hurt., 1047, 51. 277. 

H Sinadol, .T. K.. Iliitl. C. .s'. .Irni.v Mctl. Drpl., 
1047, 7. 70.'i. 


Summary. 1. Intradermal inoculation into 
39 adults of 0.02 ml of concentrated Influenza 
A and B vaccine gave rise to a mean antibody' 
response (antihemagglutinin) against Influ- 
enza B virus which approached that obtained 
by others following the subcutaneous injec- 
tion of 1.0 ml of undiluted vaccine. A greater 
mean increase in antibody- against Influenza 
A was obser\-ed in the same group, although 
this increase could not be attributed conclu- 
sively to the effect of the vaccine. 

2. The intradermal injection of 0.02 ml of 
concentrated vaccine into 449 adults was fol- 
lowed within 20 minutes by a local erythema- 
tous reaction exceeding 10 mm in diameter 
in 373 or 83.1%. In 383 or 85.3% of the 
same group delayed local erythematous reac- 
tions e.xceeding 10 mm in diameter were 
present after approximately 48 hours accom- 
panied in many cases by- slight induration. 

3. No correlation could be established be- 
tween the intensity- of the immediate or de- 
layed dermal reaction and the level of anti- 
hemagglutinin in the blood. 

4. Mild systemic reactions were reported 
by 75 (16.7%) of 449 vaccinated persons. 

5. .Although cases of Influenza A infection 
were demonstrated in the community- shortly 
after vaccination, the rate of all upper 
respiratory- disease during the succeeding 
2-month period in a group of 316 vaccinated 
persons was not significantly- different from 
the rate among 329 unvaccinated persons 
working in the same institution. 
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Use of the Spectrophotometer for Pleasuring Plelanin Dispersion in 

the Frog. - - ;~ 


G. G. Dimnin and F. R. Stecgcrda. 

From thr rirpurl mfrit of Ph;/.^n!np;i, I'niirritil;! of llliiioui, Vrhar.n, III. 


It is well e.stablishcd that melanophorc 
chances in the frog are related to environ- 
mental conditions a.s well .as endocrine factors 
within the animal. However, there appar- 
ently is no sati.sfactory data on how com- 
pletely a di.sper.sion or concentration of mela- 


nin in the .'kin will interfere with the reflec- 
tance of light by- the other pigments present. 

.A review of the literature regarding meth- 
ods for nic.-Tsuring melanin dkpersion or con- 
centration in the skin indicates that most of 
the obscre-ations made were patterned after 
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and the size of either the immediate or de- 
layed skin reaction. Thus, in IS previously 
unvaccinated subjects in whom the agglutinin- 
inhibition titer against both PR-8 and Lee 
antigens was 1:32 or less, the average maxi- 
mum diameter of the delayed skin reaction 
was 34 mm with extremes of 8 and 50 mm. 
In 16 similar persons with titers against both 
PR-8 and Lee of 1:64 or higher, the average 
max-imum diameter was 36 mm with extremes 
of 10 mm and 60 mm. 

Fifty-four of the 449 persons who were 
inoculated intradermally had previously re- 
ceived influenza vaccine; 39, or 72%, ex- 
hibited immediate skin reactions of 20 mm or 
greater. In contrast, comparable immediate 
reactions were observed in 205, or 52%, of 
those vaccinated for the first time. No rela- 
tionship was noted between the size of the 
delayed skin reaction and previous vaccina- 
tion. 

No correlation was found between the ex- 
tent of the delayed skin reaction and the 
antibody response following vaccination. The 
average size of the immediate and of the 
delayed skin reactions did not differ signifi- 
cantly in the group that reported a systemic 
reaction and in the group that had no systemic 
response. 

Discussion. The results of the tests for 
changes in antihemagglutinin against Influ- 
enza B following intradermal vaccination with 
inactivated virus showed that when the initial 
titer of the antibody was low (i.e. 1:64 or 
less), the antigenic effect was appreciable. 
When the initial titer was moderate or 
high the response was slight or absent. 
Inactivated Influenza A vaccine introduced 
intracutaneously also appeared to exert a 
comparable, if not a greater, antigenic effect 
in persons with initial low titers. The fact, 
however, that an epidemic caused by an 
atypical Influenza A virus was current at the 
time this study was carried out prevents a 
categorical statement in respect to the effect 
of this antigen since the possible occurrence 
of inapparent infection cannot be eliminated. 
Failure of influenza vaccine to stimulate large 
increases in the antihemagglutinin titer when 
the initial titer is high has been noted by 
others after subcutaneous inoculation.* 


The serologic data indicate that one-fiftieth 
of the dose of vaccine usually administered 
by the subcutaneous route when injected into 
the skin may give rise to antibody levels 
which are only slightly lower than those 
reported for the standard subcutaneous 
dose.*'”’^®’'^ In respect to' the effectiveness 
of this route of inoculation our findings are 
in general in agreement with the observations 
made by Van Gelder and his associates® on 
influenza vaccine and with those of Enders 
and his co-workers^ on inactivated mumps 
virus. Quantitatively, though. Van Gelder 
and his associates obtained larger mean 
increases in titer for both A and B antigens. 
This difference may possibly be attributed to 
their employment of undiluted vaccine 
whereas in our experiments the vaccine was 
diluted 1:5. Furthermore, they noted that 
the antibody concentration continued to 
increase during the period from 2 to 4 weeks 
after vaccination. Our final determinations 
were made 3 weeks after inoculation. 

In view of the small quantity of virus 
inoculated the high incidence of systemic 
reactions which were reported was unexpected. 
With one e.xception, however, these reactions 
caused no loss of working time. It is possible 
that a large number of very mild reactions 
were revealed by the method of personal 
interview which was employed. 

Immediate and delayed local erythematous 
reactions of 10 mm or greater in diameter 
were encountered in over 80% of the subjects. 
The immunologic mechanisms underlying 
these reactions remain obscure. They may be 
either manifestations of hypersensitivity 
established by previous e.xperience with the 
viruses or the effect of a specific toxic action 
of the vaccines. An unknown proportion of 
the immediate type might be occasioned by a 

T Hirst, G. K., Rirk.ird, E. 1!., Wliilm.nn, E., ami 
Horsfall, F. L., J. Exp. Med., HM2, 75, 40:>. 

sSalk, J. E., Jtenke, W. J., and Francis, T., Jr., 
Am. J. Hygiene, 1945, 4-, 57. 

SEickard, E. E., Thigpen, JE, and Crotvlcy, 

J. H., .4 1 ) 1 . ,J. Hygiene, 1945, 42, 12. 

10 Eaton, M. I)., and iteikliuolin, G., Am. ./. 

Hygiene., 42, 2S. 

11 Hirst, G. K., Plummer, N., and Fricdeivald, 

W. F., Am. .1. Hygiene, 194,5, 42, 45. 
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non-specific irritative effect of the inoculum. 

No evidence for an increased resistance 
attributable to the vaccination ivas obtained. 
The incidence of all types of upper respira- 
tor\' disease during the 2-month period suc- 
ceeding vaccination in both inoculated and 
uninoculated groups did not differ signifi- 
cantly. Several e.vplanations maj- be offered 
for the ineffecth'eness of the vaccine. The 
strains of Influenza A may have differed in 
antigenic composition from the prevailing 
epidemic strain. This possibility has been 
invoked to explain the relative ineffectiveness 
of vaccination in other parts of the country 
during the epidemic of last spring. The 
quantity of vaccine administered may have 
been too small to establish resistance. Vac- 
cination may have been undertaken too late, 
since serologic evidence was obtained that 
Influenza .-V was present among the hospital 
personnel within ten days following the ad- 
ministration of the vaccine. 

Although the prophylactic value of intra- 
dermal vaccination has not been demon- 
strated, additional experiments would seem 
desirable in view of the results of Van Gelder 
and hLs co-workers and those reported in this 
communication. 

Friitu'is, T.. .Ir.. .S.nlk, .1. K., !in(l Quilligaii. 
J. .1., .Ini. Public Health, 1047, :J7. 101,1. 

10 Sifjcl, M. M., SlialTcr, K. IV., and Ilcnle, IV., 
J. Hart., 1047, .ll. 277. 

n Sniadid, .1. ll.. Hull. f'. .S'. .Irni;/ MrrI. Dept., 
1047, 7, 70.-.. 


Summary. 1. Intradermal inoculation into 
39 adults of 0.02 ml of concentrated Influenza 
A and B vaccine gave rise to a mean antibody 
response (antihemagglutinin) against Influ- 
enza B virus which approached that obtained 
bi' others following the subcutaneous injec- 
tion of 1.0 ml of undiluted vaccine. greater 
mean increase in antibody against Influenza 
A was obseri'ed in the same group, although 
this increase could not be attributed conclu- 
sively to the effect of the vaccine. 

2. The intradermal injection of 0.02 ml of 
concentrated vaccine into 449 adults was fol- 
lowed within 20 minutes b\' a local erythema- 
tous reaction e.xceeding 10 mm in diameter 
in 373 or 83.1%. In 383 or 85.3% of the 
same group delayed local eridhematous reac- 
tions e.xceeding 10 mm in diameter were 
present after approximately 48 hours accom- 
panied in manj' cases by slight induration. 

3. No correlation could be established be- 
tween the intensity of the immediate or de- 
layed dermal reaction and the level of anti- 
hemagglutinin in the blood. 

4. Mild systemic reactions were reported 
by 75 (16.7%) of 449 vaccinated persons. 

5. .Mthough cases of Influenza infection 
were demonstrated in the community shortly 
after vaccination, the rate of all upper 
respirator!' disease during the succeeding 
2-month period in a group of 316 vaccinated 
persons was not significantli' different from 
the rate among 329 unvaccinated persons 
working in the same institution. 
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Use of the Spectrophotometer for Measuring Melanin Dispersioij in 

the Froil. ■ . - - 


G. G. Df_\nin and 

Frnrx the Vcpnrtir.rnl of Phpiiologp, 

It is well establish wl that melanophore 
changes in the frog are related to environ- 
mental conditions as well a.s endocrine factors 
within the animal. However, there appar- 
ently is no satisfactory data on how com- 
pletely a dispersion or concentration of mela- 


F. R. Stecgerda. 

Ur.ivrrsitii of Illinois, rrbnr.a, 111. 

nin in the skin will interfere with the reflec- 
tance of light by the other pigments present. 

.•\ rci icw of the literature regarding melh- 
orls for me.^suring melanin dispersion 'or con- 
centration in the skin indicates that most of 
the obserx-ations made were patterned after 
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the general descriptive technic reviewed by 
Parker^ in which the individual melano- 
phores are given a numerical value corre- 
sponding to the various stages of expansion 
they may happen to be in at the time of 
examination, and which neglects to consider 
how effectively the contracted or expanded 
state of these melanophores will change the 
appearance of the frog or rest of the pigment 
normally present in the skin. It should also 
•be pointed out that, even though the results 
obtained by this method for recording mela- 
nin dispersion or concentration in, individual 
melanophores may be accurate and con- 
sistent, there always remains an unavoidable 
subjective factor when one attempts to cata- 
logue melanophores in different stages of 
expansion in a microscopic field. It would 
therefore be highly desirable to have an 
objective method which would give quantita- 
tive information concerning the actual 
amount of masking the dilated melanophores 
will have over the rest of the skin pigments 
in the intact animal. 

Although Hill and Solandt* and Smith,® 
by attaching a photo-electric cell to a micro- 
scope, have recorded the variation in trans- 
mitted light through the skin and scales of 
fish under dark and light adapted conditions, 
the}'' made no attempt to study the effects of 
melanin dispersion in the intact skin of the 
frog on the light reflected at each wave length 
of the visible spectrum. In a search for a 
method that would answer the requirement 
above mentioned, it w’as found that the Hardy^ 
photo-electric recording spectrophotometer 
would successfully give information on the 
kinds of pigments giving rise to the color of 
the skin as well as give an objective measure- 
ment of the amount of reflectance each pig- 
ment may give at its respective wave length 
when the melanophores are in an expanded 
or contracted state. The results obtained 
from experimentation with this technic showed 

2 Hill, A. V., and Solandt, H. Y., J- FInisiol., 

^^^8:^111, D. C., J, Cell and Comp. Thpsiol, 1930, 

8 83 

'4 Hardy, A. C., J. Optic. Soc. America, 193o, 
25, 305. 


significant differences in skin reflectance in 
frogs that had previously been either light or 
dark adapted, and we herewith present the 
e.\-perimental technic used and the results 
obtained. 

In preparing frogs for this t}’pe of record- 
ing 2 different sets of e.xperimental conditions 
were used: one group of 8 frogs was exposed 
to light, and an equal number to dark for 
the same period of time. To accomplish light 
adaptation, the frogs were kept for a mini- 
mum of 72 hours in a white container whicli 
■n'as illuminated at all times by two 40-watt 
bulbs; for dark adaptation the frogs were 
kept in a black container for 72 hours, also 
illuminated by two 40-watt bulbs. To record 
the skin reflectance the frogs, unanesthetized, 
W'ere made immobile by fastening them to a 
frog board. They were then placed so that 
the back of the frog covered the round aper- 
ture (one inch in diameter) of the recording 
spectrophotometer. The light rays of various 
wave lengths of the visible spectrum were 
individually focused on the skin of the frog, 
and the amount of light reflected in each of 
the wave lengths was measured and recorded 
on ruled paper on a percentage reflectance 
basis. The spectrophotometer was moved 
by hand in preference to having the complete 
rotation of the drum made by the motor. 
The total time necessary for making a com- 
plete record was one minute, whereas, with 
the motor, a total time of 3 minutes was 
necessary. To insure accuracy the frogs were 
always placed in the same position before 
the light aperture of the instrument and the 
time of e.xposure was kept constant to avoid 
any inconsistencies so far as light from the 
spectrophotometer and melanophore responses 
were concerned. 

The reflectance from the skin surface of 
the light adapted frogs is definitely greater 
in all wave lengths measured than the reflec- 
tance from the skin of the dark adapted frogs. 
This can be seen in the graph, which shows 
the average % reflectance at various wave 
lengths for light (upper cun’e) and dark 
(lower curve) adapted frogs. The results 
also indicate that melanophore c.xpansion is 
apparently able to mask the reflecting power 
of the other pigments in the frog skin. It is 
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"WAVELENGTH (MILLIMICRONS) 

Fio. 1. 


invcrcslin" to note that tlie general shape of 
the cuu'c and degree of reflectance from the 
skin of tile frog under these conditions com- 
pare quite closely with the degree of melanin 
distribution and concentration obtained by 
Edwards and Duntlcy' from the dorsal sur- 
face of the hand of a Negro when examined 
with the same technic as used in these experi- 
ments. Furthermore, the reflectance from 
the skin surface of the frog Ls greater for 
wave lengths at the red end of the spectrum 
than at the violet end. Statistical analysis 
of the data justifies these conclusions. 
.Mthough it is obvious from the data that 
there is a definite difference in reflectance 
between light and dark adapted frogs, it is 
rather surprising to find that the liehl adapted 

^ IMnarit*. It. .\., ar.d Ihintliy, P. Q.. Hji. J . 
.trat.. I'l.lP. 1. 


frogs reflect an average of only 21.8^ in the 
red end of the spectrum where the actual 
reflectance is at its maximum, while the dark 
adapted frogs, black as they appear to the 
eye in comparison, reflect an average of 
12.3% at the same wave lengtli. Surely 
these quantitative measurements show tlie 
inadequacy of our subjective obsenvations. 

In a few additional c.\-periments, it was 
interesting to note that frogs made perma- 
nently pale as a result of complete hypophy- 
sectomy*'* showed melanophores that did not 
constrict so much or allow for so great a 
reflectance as those in frogs that wore light 
adapted. If the frogs were made pcmnncntlv 
dark because of melanopliore e.vpansion fol- 
lowing injury of the pars tuberalLs region of 

1 Hf-eVn, L T.. 

13 . 177 . ' 
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the pituitary gland," the dilated state of the 
melanophores was greater and showed defin- 
itely less reflectance than frogs that were dark 
adapted by environmental stimulation only. 
Further studies of the same kind in which 
various dosages of related hormones are given 
may lead to helpful information concerning 
the mechanism of chromatopbore action in 
animals. 

Summary. ( 1 ) The spectrophotometer has 
been used as an instrument for recording the 
effects of melanophore expansion on the re- 

T Steggerda, F. B., and Sodermil], A. I/., ,7. Cell, 
and Comp. Physiol., 1939, 13, 31. 


fleeting power of, the skin pigments of the 
frog. (2) The reflectance in the light 
adapted frogs may be as much as 10% above 
that of the dark adapted frog at the same 
wave length. (3) iMelanophore expansion in 
dark adapted frogs masks the reflecting power 
of the skin pigment at the red end of the 
spectrum more than at the violet. (4) The 
average skin reflectance in the light adapted 
frogs is not more than 21.8%. (5) A differ- 
ence between the response of melanophores to 
environmental conditions and operations of 
the hypophysis is suggested. 
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Interrelationship of Vitamin D and the Sex Hormones in Calcium and 
Phosphorus Metabolism of Rats. 

G. F. Norman and A. Mittler. (Introduced by W. J. Kerr.) 

Fro-m the Piesearcli Department, California PaeVing Corporation, San Franciseo. 


Introduction. The present therapeutic 
trend for treating chronic arthritis in humans 
involves the use of high dosages of vitamin D, 
and has many successes to its credit.^-- The 
favorable treatment of Raynaud’s disease in 
the same manner, in conjunction with sex 
hormones, has been reported.® The high inci- 
dence of arthritis in women at a time near to 
or following the menopause, and the more 
gradual appearance of this disease in men, is 
well known. This leads to the suggestion 
that the role of the sex hormones in these 
relationships involving the therapeutic use of 
vitamin D should be more fully understood. 

Hypertrophy of the parathyroids has been 
described in a number of su ggestively analo- 

1 Snyder, B. Garfield, Squires, ■Will.ird, Forster, 
.Tobii, Traefer, Cornelius, and Warner, Lewis 
Clark, Indust, iled., 1942, 11, 295. 

2 Wagner, Lewis, Jndustr. iled., 1942, 11, .313. 

3 Norman, G. F., Tl'est. J. Surg., 01). and Gyn., 
1938, 40, 553. 

4 Nonidez, .1. F., and Goodale, H. V., Jni. J. 
Anat., 192", 38, 319. 

0 Cornblect, T., and Struck, N. C., Arch. Dermal, 
and Syph; 1937, 35, 188. 


gous conditions, viz.: rickets,^ scleroderma,®'®''^ 
Raynaud’s disease,®'® and chronic arthritis.’® 
Experimentallj', by perfusion exiieriments," 
a low calcium level in the perfusate leads to 
similar hypertrophy which is overcome by 
the addition of adequate amounts of calcium. 
Hyperphosphatemia also induces a corre- 
sponding enlargement as one would expect. 
Vitamin D reduces the compensatory hyper- 
trophy induced by low calcium feedings.’"" 


C Lcrichc, B., and .Tung, A., La Presse Med., 1938, 
43, 809. 

V Lcriclic, B., Gacettc dn Uospitaux, 193G, 109, 
209; Ab. J. A. M. A., 193G, IOC, 1214. 

s Bcrniicini, Alice B., J. A. M. A., 1933, 100, 
1001. 

9 Bcrnliclm, Alice, and Garlock, J. II., Ann. .Sur- 
gery, 1935, lOl, 1012. 

lOlVootton, W. T., ,T. .Missouri .M. A., 193G, .‘13, 
129; Abs. .7. A. .11. A., 193G, lOO, 1854. 

11 Patli, Harvey M., Wallerstein, Elizabctli, and 
Luckliardt, Arno B., Pp.oe. Soc. Exp. Bioi.. axi> 
Med., 1942, 49, 5S0. 

19 Carnc.s, William II., Pappcnlieimcr, .Mvin M., 
and Stoerk, Herbert C., Pnoc. t^or. E.xr. Bion. .ism 
Med., 1942, 51, 314. 
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It also further diminishes the size of these 
glands already reduced by hi-pophosphatemia 
while simultaneously raising both calcium and 
phosphorus levels in the blood serum. 

This apparently occurs independently of 
the pituitarj'.^*-’^ and the control, if any, of 
this organ on the parathjToids must occur 
through the gonads via the gonadotropic hor- 
mones. 

The effects of overdosage of the parathy- 
roid hormone or the results of tumors of these 
glands on the organism are well known and 
need only passing mention here. The demin- 
eralization of bone shafts with deformities, 
the calcification of soft tissues, notably kid- 
neys, lungs, stomach, and arteries, have been 
described in detail elsewhere. 

The present tests were carried out in 1944 
and 1945 to investigate the relationship above 
mentioned, and are now being reported be- 
cause of the increasing importance of the use 
of vitamin D in the treatment of arthritis 
and other conditions. The results obtained 
were used to support the clinical work under- 
taken by the senior author.*^ 

The present study was undertaken to deter- 
mine the effect of the addition of estrogens 
and androgens to rachitic animals adminis- 
tered high doses of vitamin D. 

(a) The effect of the addition of the estro- 
gen and androgen were studied in homologous 
and heterologous fashion. 

(b) Criteria of bone-ash were employed in 
Fixing the effect of the addition of vitamin D 
to a rachitic animal, and also to me.asure the 
increment, if .any, due to the dosing of the 
estrogen or androgen, as the case may be. 

Expcnmcntal. The diet used was Rachitic 
Diet Xo. 2. as advocated in the United States 
Pharmacopoeia Twelfth Revision, supple- 
mented with .1 g each of riboflavin and thia- 
mine hydrochloride per 100 lb of diet. The 
vitamin D administered orally to the rats 
w,Ts the U. S. P. Reference Oil Xo. 2. The 
hormone supplements used were testosterone 
propionate in sesame oil (Ciba peraadren), 
and estradiol di-propionate in sesame oil 

13 .VUinglit, Kiillcr. J . .1. .If. . 1 .. 1 is. U.V.>2. 

H IVni. It.. .Tolin. .nntl Stoork, 

Horbi’r! C., . In . J . Diysiitl.. 1P43. IJtO. ISS. 
H-Norrmn, (!. K.. Ocri.itricf, IPtr, S, 24. 


(Ciba di-ovocylin). These supplements were 
injected subcutaneously. Where no hormone 
supplement was given the rats were injected 
with Wesson Oil. 

.All of the animals used in these e.\periments 
were of the Long-Evans strain bred from the 
colony maintained in this laboratory. The 
young animals had been raised in accordance 
with U. S. P. standards and were from groups 
which were available for U. S. P. vitamin D 
assays. The number of animals assigned to 
each group varied from 5 to 7 and the groups 
were adjusted to obtain approximately equal 
starting weights. The variability within 
groups due to litter was decreased b\- the use 
of Isogenic segregation. Litters were chosen 
which had 3 to 5 animals of the same se.x in 
order that one animal of each litter would 
appear in each group of a given study; for 
e.xample: a triad of male rats from the same 
litter would be found in the control group 
receiving no n'tamin D and no hormone, in 
the test group receiving only vitamin D, and 
in the test group receiving vitamin D and the 
hormone supplement. The rats were kept in 
individual wire-screen cages and given feed 
and water ad libitum. 

In the course of these e.xperiments bi-weekly 
weights of the animals were taken. .At the 
end of the test period individual blood sam- 
ples were taken as follows: .An incision was 
made across the belly of the animal, cutting 
directly into the abdomen, and e.xposing the 
vena cava. The vena cava was then severed 
and the blood sample collected in a centrifuge 
tube. The chemical analysis of the blood 
serum was accomplished on a micro scale. 
Calcium was determined by the permanganate 
titration method of Tisdall.''' The inorganic 
phosphorus w.as determined by precipita- 
tion of the proteins with trichloracetic acid, 
and a colorimetric determination was m.idc 
after the reduction of the phosphomolybdic 
complex with stannous chloride, as advocatinl 
by Kuttner and Cohen.’" 

For bone-a-ch .analysis the left tibiae were 
removed and freed of adhering tissue bv 
^fnng with cheesecloth. The' bones were 

I*: Ti'tt.all, }■ , V .. J , /.sot. 2023, oO. 4.30 

W Kuf.nor, T.. aisd (Vhris, if. R.. j-. /;,o 7 . ' 

1027. T,->, r.lT. 
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the pituitary gland," the dilated state of the 
melanophores was greater and showed defin- 
itely less reflectance than frogs that were dark 
adapted by environmental stimulation only. 
Further studies of the same kind in which 
various dosages of related hormones are given 
may lead to helpful information concerning 
the mechanism of chromatophore action in 
animals. 

Summary. (1) The spectrophotometer has 
been used as an instrument for recording the 
effects of melanophore expansion on the re- 

"< Steggerda, P. K., and Soderwall, A. Tj., .7. CelJ. 
and Comp. Physiol., 1939, 13, 31. 


fleeting power of., the skin pigments of the 
frog. (2) The reflectance in the light 
adapted frogs may be as much as lOfo above 
that of the dark adapted frog at the same 
wave length. (3) IMelanophore expansion in 
dark adapted frogs masks the reflecting power 
of the skin pigment at the red end of the 
spectrum more than at the violet. (4) The 
average skin reflectance in the light adapted 
frogs is not more than 21.89?;. (5) A differ- 
ence between the response of melanophores to 
environmental conditions and operations of 
the hypophj'sis is suggested. 
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Interrelationship of Vitamin D and the Sex Hormones in Calcium and 
Phosphorus Metabolism of Rats. 

G. F. Norman and A. Mittler. (Introduced by W. J. Kerr.) 

From the Pcsearch Department, California Pacl-inp Corporation, San Francisco. 


Introduction. The present therapeutic 
trend for treating chronic arthritis in humans 
involves the use of high dosages of vitamin D, 
and has many successes to its credit.*’- The 
favorable treatment of Raynaud’s disease in 
the same manner, in conjunction with sex 
hormones, has been reported.^ The high inci- 
dence of arthritis in women at a time near to 
or following the menopause, and the more 
gradual appearance of this disease in men, is 
well known. This leads to the suggestion 
that the role of the sex hormones in these 
relationships involving the therapeutic use of 
vitamin D should be more fully_ understood. 

Hypertrophy of the parathyroids has been 
described in a number of suggestively analo- 

2 Snyder, R. Gnrfield, Squires, ■Willnrd, Forster, 
Jolm, Tracfer, Cornelius, and Wagner, Lewis 
C].arK-, Indust. Med., 1942, 11, 295. 

2 Wagner, Lewis, Industr. Med., 1942, 11, 313. 

3 Norman, G. F., ICcst. J. Stirff., Ol>. and Gyn., 
1938, 40, 553. 

I Nonidez, J. F., and Goodale, H. D., Am. .7. 
Anat., 1927, SfS, 319. 

5 Cornblect, T., and Struck, N. C., Arch. Vermat. 
and Syph., 1937, 35, ISS. 


gous conditions, viz.: rickets,* scleroderma,'’’®’^ 
Raynaud’s disease,*’® and chronic arthritis.*® 
Experimentally, by perfusion e.xperiments,** 
a low calcium level in the perfusate leads to 
similar hypertrophy which is overcome by 
the addition of adequate amounts of calcium. 
Hyperphosphatemia also induces a corre- 
sponding enlargement as one would expect. 
Vitamin D reduces the compensatory hj’per- 
trophy induced by low calcium feedings.’® 


c Lpriolie, R., .md Jung, A., La Prc.ssc iled., 1938, 
40, 809. 

- Lericlic, R., Gaectic dii Hospitaux, 1935, lOD, 
209; Ab. .7. A. .17. A., 1935, lOO, 1214. 

S Bernlicim, Alice It., ,7. A. .17. A., 19,33, 100, 
1001. 

9 Bernlieiin. Alice, and Garlock, J. H., .Inii. Snr- 
.aery. 1933, 101, 1012. 

lOWoottnn, W. T., J. Missouri .17. A., 1935, .‘13, 
129; Abs. .7. J. .17. A., 1930, lOO, 1854. 

H Path, Harvey M., Wallcrstcin, Elizabeth, and 
Luckliardt, Arno B., Proc. Soc. Exp. Bior.. and 
Med., 1942, 40, 580. 

>2 Carnes, Willinin 17., Pappenbeimer, Alvin 37., 
and Stoerk, Herbert C., Prop. Soc. Exp. Bioi.. ,\xd 
Med., 1942, 51, 314. 
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It also further diminishes the size of these 
glands already reduced by hj’pophosphatemia 
while simultaneously raising both calcium and 
phosphorus levels in the blood serum. 

This apparently occurs independently of 
the pituitary and the control, if any, of 
this organ on the parathyroids must occur 
through the gonads via the gonadotropic hor- 
mones. 

The effects of overdosage of the parathy- 
roid hormone or the results of tumors of these 
glands on the organism are well known and 
need only passing mention here. The demin- 
eralization of bone shafts with deformities, 
the calcification of soft tissues, notably kid- 
neys, lungs, stomach, and arteries, have been 
described in detail elsewhere. 

The present tests were carried out in 1944 
and 1945 to investigate the relationship above 
mentioned, and are now being reported be- 
cause of the increasing importance of the use 
of \’itamin D in the treatment of arthritis 
and other conditions. The results obtained 
were used to support the clinical work under- 
taken by the senior author.^" 

The present study was undertaken to deter- 
mine the effect of the addition of ^trogens 
and androgens to rachitic animals adminis- 
tered high doses of vitamin D. 

(a) The effect of the addition of the estro- 
gen and androgen were studied in homologous 
and heterologous fashion. 

(b) Criteria of bone-ash were employed in 
fixing the effect of the addition of vitamin D 
to a rachitic animal, and also to measure the 
increment, if any, due to the dosing of the 
estrogen or androgen, as the case may be. 

Experimental. The diet used was Rachitic 
Diet Xo. 2, as advocated in the United Slates 
Pharmacopoeia Twelfth Revision, supple- 
mented with .1 g each of riboflavin and thia- 
mine hydrochloride per 100 lb of diet. The 
vitamin D administered oral!}’ to the rats 
was the U. S. P. Reference Oil Xo. 2. The 
hormone supplements used were testosterone 
propionate in sesame oil (Ciba perandren), 
and estradiol di-propionate in sesame oil 

13 Albright, Fuller, .7. .1. Jf. A., 1939, 112, 2.192. 
H Carnes, tVm. H., Osebold, .Tolm, and tstoerk, 
Herbert C., Am. .7. rhy.wtJ., 1943, ISt). ISS. 

13 Norman, G. F., Grriafrie/r, 1947, 2, 24. 


(Ciba di-ovocylin) . These supplements were 
injected subcutaneously. Where no hormone 
supplement was given the rats were injected 
with Wesson Oil. 

All of the animals used in these experiments 
were of the Long-Evans strain bred from the 
colony maintained in this laboratory. The 
young animals had been raised in accordance 
with U. S. P. standards and were from groups 
which were available for U. S. P. vitamin D 
assays. The number of animals assigned to 
each group varied from 5 to 7 and the groups 
were adjusted to obtain approximately equal 
starting weights. The variability within 
groups due to litter was decreased by the use 
of isogenic segregation. Litters were chosen 
which had 3 to 5 animals of the same sex in 
order that one animal of each litter would 
appear in each group of a given study; for 
example; a triad of male rats from the same 
litter would be found in the control group 
receiving no \dtamin D and no hormone, in 
the test group receiving only vitamin D, and 
in the test group receiving vitamin D and the 
hormone supplement. The rats were kept in 
individual wire-screen cages and given feed 
and water ad libitum. 

In the course of these experiments bi-weekly 
weights of the animals were taken. At the 
end of the test period individual blood sam- 
ples were taken as follows: An incision was 
made across the belly of the animal, cutting 
directly into the abdomen, and e.xposing the 
vena cava. The vena cava was then severed 
and the blood sample collected in a centrifuge 
tube. The chemical analysis of the blood 
serum was accomplished on a micro scale. 
Calcium was determined by the permanganate 
titration method of Tisdall.’''’ The inorganic 
phosphorus was determined by precipita- 
tion of the proteins with trichloracetic acid, 
and a colorimetric determination was made 
after the reduction of the phosphomolybdic 
complex with stannous chloride, as adr'o^ted 
by Kuttner and Cohen.'" 

For bone-ash anal.vsis the left tibiae were 
removed and freed of adhering tissue by 
buffin g "fith cheesecloth. The bones were 

icTisa-all, F. F., .7. Siol. CTrm.TTsiJl, .jO, 439 

17 Kuttacr, T., .and Cohen, if. E., J. Biol. Chem. 
1027, To. 517. ^ 
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TABLE I. 

„„ . Experiment I. 

Effect of the Injection of Hormones in Vitamin D Depleted Bats Fed Various Doses of Vitamin D. 


Vitamin D Hormone dosage 


Group 

/ — 

Daily dose, 
mg 

Total fed, 
mg 

Medication 

Total dose, 
mg 

Net 

gain 

Tibia 

bone-asb 9c. 

Mean, g 

Std. Dev. 




Males (Paired Litter Mates') 




1 

0 

0 

"Wesson Oil 

0 

139 


31 1*5 


6.0 

210.0 

3> yy 

0 

ISO 

-t- 2.50 

48.47 

3 

6.0 

210.0 

Perandren 

17.5 

148 

-+- 4.03 

46.22 

7 

.9 

31.5 

"Wesson Oil 

0 

170 

-+- 5.G2 

35.19 

8 

.9 

31.0 

Di-ovocylin 

17.5 

104 

-*-3.60 

42.43 




Females (Paired liitter Mates). 




4 

0 

0 

Wesson Oil 

0 

179 

-*-3.03 

36.36 

5 

6.0 

210.0 

»> )> 

0 

203 

-*-3.03 

50.69 

G 

6.0 

210.0 

Di-ovoeylin 

3.5 

88 

-+-3.35 

53.53 

9 

.9 

31.5 

Wesson Oil 

0 

235 

-*-5.74 

44.66 

10 

.9 

31.5 

Perandren 

17.5 

212 

-t-4.51 

38.16 


extracted in anhydrous isopropanol for 2 rachitic diet and the assay started, continuing 
hours and then ashed by group. for 5 weeks. The dose of vitamin D was 

On the next to the last day of the test the one-fifth of the curative test and given twice 
animals were anesthetized and individual weekly instead of daily. The hormone sup- 
X-rays taken of each rat. Representative plement was injected every 5 days (Sundays 
X-rays are presented to show the skeletal axcluded). 

development which resulted from the studies Results and Discussion. As advocated by 
undertaken. Coward,^® the level of vitamin D to be fed in 

In the preliminary studies 3 mung male rats the “prophylactic bone-ash method” was one- 
were depleted for 18-21 days on the rachitic fifth of the dose use in the curative U. S. P. 
diet and then placed on assay for 10 days assay required to give a 2-plus healing. The 
under conditions prescribed in the United level of vitamin D used on assay designated 
States Pharmacopoeia. The daily dose of 35 the high dose was 5 times the level required 
vitamin D was fed orally, and hormone sup- to give a 2 -plus healing, 
plements administered subcutaneously at the 21-24 days, 

start of the assay and on the fifth day of .^rgight from 40-63 g, and consisting 

assay. Results obtained _ indicated that 30 

were allotted 

although a large difference in percent bone- jq groups, as shown in Table I. The 

ash was obtained between the control group 3 male groups were made up of litter-mate- 

fed no vitamin D (29.50) and the highest brothers, and similarly the 5 female groups 

level of vitamin D fed 10.67 mg per day litter-mate-sisters. One of the S groups 

(34.61), the 10-day test period would not served 35 tfig control for the 2 test groups 

allow for significant changes due to the injec- involving the treatment with the homologous 
tion of the hormone. It was felt that a hormone, and also as the control for the other 
longer assay period would allow for more 3 groups devoted to the treatment with the 
treatments and, hence, a more critical study heterologous hormone. The mean net gain 
of the role of the hormone supplements, pgj. gmup, its standard error, and the percent 
Therefore, in the assays herein reported the bone-ash of the extracted tibiae are sum- 
“prophylactic bone-ash method” as advocated marized in Table I. 

by Coward^® was used. When the rats were jjj order to determine statistical!;' whether 
weaned they were placed directly on the q,. mean difference observed in Table 

■ 18 Coward K H. Biolofflcal Standardisation of I between Groups 5 and 6 was significantly 
m Vitamin, BaUliSre, Tind.'ill .and Cox, London, different, the right tibia of each animal was 
loss ' “ prepared as in the case of the group .ashings 
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TABLE II. 

Experiment I. 

Statistical Analysis o£ Data. 

Group 5: Ecmales; vitamin D — high dose. 

Group G: Ecmales; vitamin D — high dose plus 
Estrogen. 

Tibia 

Bone-ash % 


Group G 

Group 5 

56.72 

43.73 

51.83 

49.09 

53.85 

46.94 

53.79 

49.09 

51.21 

51.94 

54.04 

54.43 

Mean 53.57 

49.20 

Mean diff. 

4.37 

Stand, dev. of diffa. 

5.14 

Stand, error of mean diffs. 

2.099 

Critical ratio (t) 

2.08 


With 5 degrees of freedom the value for t when 
P equals .10 is 2.015, and the v.alue found exceeds 
this limit. 

except that now the bones were individually 
labeled, extracted, and ashed. 

Since these groups were made up of 6 pairs 
of sisters the results obtained were treated 
according to “Student’s” method of analysis 
for correlated data as shown in Table II.*^ 
From Table I it will be seen that females 
tolerate depletion better than males, as indi- 
cated by the higher percent bone-ash for the 
control group (Group 4 vs. Group 1). This 
could possibly be e.\p]ained by the presence 
of ovarian tissue. 

It is obvious that the addition of a large 
amount of vitamin D led to an increase in 
body weight in both sexes, while the added 
medication counteracted the increase due to 
vitamin D. 

In males the employment of estrogen sig- 
nificantly increased the percentage of bone-ash 
(Group 7 vs Group 8), while this was dimin- 
ished with androgen as the medication (Group 
2 vs. Group 3). 

The use of the high dosage of vitamin D 
in the females definitely enhanced the percent 
bone-ash, and this was further increased with 
the use of the estrogen (Group 5 vs. Group 6). 
On the low dose of vitamin D the females 
were particularly sensitive to the androgen, 
definitely decreasing the percent bone-ash 
(Group 9 vs. Group 10). In this instance 2 

re "Student,” ilctron., 1923, 5, No. 3, 111. 


factors apparently operate, namely, the low 
protection of the vitamin D dosage and the 
parathyroid stimulating effect of the andro- 
gen. 

As shown in the statistical analysis in 
Table II, a significant increase in the percent 
bone-ash was observed when female rats given 
a high dose of vitamin D were concurrently 
treated with estrogen (Group 5 vs. Group 6). 

In the first experiment with female rats the 
use of the estrogen definitely enhanced the 
percent bone-ash when given in connection 
with the high dose of vitamin D, and simi- 
larly showed an increase for males when the 
low dose of vitamin D was administered. On 
the other hand, the use of the androgen de- 
creased the percent bone-ash when given in 
connection with the low dose of vitamin D 
to females, and also showed the same effect 
when given with the high dose of vitamin D 
to males. 

These findings are in accord with the ob- 
servations of Gardner,-®’”’- who investigated 
the effect of estrogens and androgens on the 
breaking strength of femurs of mice. How- 
ever, the use of rachitic animals and the 
employment of sex hormones in conjunction 
with vitamin D have not been considered. In 
addition, the increase in bone-ash attributed 
to the use of the estrogen confirms the work 
of Day and Follis.®® It was proposed, there- 
fore, to continue the study of the use of the 
androgen in connection with the high dose of 
vitamin D administered to both males and 
females. 

Thirty-seven rats, ranging in age from 23-26 
days, and in weight from 47-74 g, and con- 
sisting of 22 males and IS females, were 
allotted into 6 groups, as shown in Table III. 
The 3 male groups were made up of litter- 
mate-brothers, and similarly the 3 female 
groups of litter-mate sisters. One of the 3 
groups ser%’ed as the control for the 2 test 
groups involving the treatment with per- 
andren. 

The 3 male groups consisted of 8 animals 

20 Gardner, W. IT., Enclocrinoloffii, 1943, 32 149. 

21 Gardner, W. B., Peoc. Soc. Exp. Bioi,.’ asd 
Med., 1940, -13, 230. 

"-Vay, narr.T G., and Follis, Bicliard H., Jr., 
Kndocrinolog;/, 1941, 28, S3. 
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TABLE III. 

Experiment II. 

Effect of the Injection of Androgen in Vitamin D Depleted Bats Fed Various Doses of Vitamin D. 


Group 

Vitamin D 

Androgen dosage 

Net gain 

Tibia 

bone-asli, 

% 

Analysis of serum 

Calcium, 
Mean, 
mg % 

Inorganic 
pliospliorus, 
Mean, 
mg 7c 

Daily 

dose, 

mg 

Total 

fed, 

mg 

Medication 

Total 

dose, 

mg 

ilean, 

g 

Std'. 

Dev. 




Males (Paired Litter Mate.s). 




1 

0 

0 

Wesson Oil- 

0 

37.00 

±4.18 

34.44 

.0.98 

3.7 

2 

G 

210 

> > JJ 

0 

37.43 

-4- 4.70 

49.03 

10.57 

3.G 

3 

6 

210 

Perandren 

17.5 

34.86 

±3.92 

47.29 

9.G3 

3.8 




Females (Paired Litter Mates). 




4 

0 

0 

Wesson Oil 

0 

33.20 

± 1.48 

35.57 

9.20 

3.8 

5 

6 

210 

y j yy 

0 

29.00 

'f- 3.85 

50.GO 

10.80 

3.1 

6 

G 

210 

Perandren 

17.5 

28.20 

± 3.25 

49.09 

9.54 

3.9* 


* Mean of 3 samples. 


in the control and seven in each of the test 
groups, while the 3 female groups were made 
up of 5 animals each. The mean net gain 
per group, its standard error, and the percent 
bone-ash of the extracted tibiae are sum- 
marized in Table III. 

In the first experiment blood samples were 
taken, but were only used to establish the 
technic for handling the samples taken in 
this e-xperiment. Therefore, in addition. 
Table III contains a summary of the analysis 
of the serum with respect to the calcium and 
inorganic phosphorus. 

From Table III it wilt be observed that 
wth both sexes there was a gain in weight 
in the animals employing vitamin D which 
was equal to the controls, as well as a definite 
increase in the percent bone-ash of the tibia. 
The use of androgen again diminished the 
percentage of bone-ash, and also reduced 
the net gain in weight when employed in 
conjunction with the vitamin D. 

In the blood serum there were apparently 
no significant changes in the inorganic phos- 
phorus level; however the calcium levels 
were depressed with the use of the androgen 
as the medication. 

In order to determine statistically whether 
or not the mean difference obserr^ed in Table 
III between Groups 2 and 3 was significantly 
different, the right tibia of each animal was 
prepared as in the case of the group askings 
except that now the bones were individually 
labeled, extracted, and ashed. 

Since these groups were made up of 7 pairs 


TABLE IV. 
Experiment II. 
Statistical Anal.vsm of Data. 


Group 2: Alales; vitamin i) — 

■liign aosc. 

Group 3: Males; vitamin D — 

liigli dose plus An- 

drogen. 


Tibia 


Bone-asli % 

Group 2 

Group 3 

50.35 

49.29 

45.78 

46.39 

48.39 

40.12 

50.84 

51.26 

46.50 

4G.G3 

50.78 

47.83 

47.G9 

44.C9 

Mean 48.62 

47.46 

Mean diff. 

1.16 

Stand, dev. of diff. 

1.588 

Stand, error of moan diff. 

.600 

Critical ratio (t) 

1.933 


With 6 degrees of freedom the value for t when 
P equals .10 is 1.943, and the value found approxi- 
mates this limit. 


of brothers the results obtained were treated 
according to “Student’s” method for analysis 
for correlated data as shown in Table IV.^® 
The individual X-rays of the rats employed 
in the 2 tests were criticall}' e.xamined and 
the changes in bone structure noted. With 
respect to both sexes, the female sex hormone 
increased the density of the bone-shaft and 
indicated an advanced epiphyseal closure. 
The male sex hormone showed an opposite 
effect on both se.xes as evidenced by a diminu- 
tion of calcification of the bone-shaft and n 
slowed epiphyseal closure. These changes are 
best illustrated in representative photographs 
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of sets of litter mates taken from the assay 
procedures. 

Conclusion. On the basis of these experi- 
ments carried out with rats, it is our conclu- 
sion, in agreement with other observers, that 
for animals of both sexes the female sex hor- 
mone (a) stunts the growth of young animals, 

(b) increases the density of the bone-shaft, 

(c) accelerates epiphyseal closure, (d) in- 
creases the percentage of bone-ash. 

These postulates confirm the depressing 
effect of this hormone on the parathyroid 
glands; further confirmed by the greater 
response in this effect when female animals 
were used (Experiment I). 

The male hormone, on the other hand, in 
both sexes (a) stunts the growth of the 
animal, (b) diminishes the density of the 


bone-shaft, (c) diminishes the percentage of 
bone-ash, (d) delays epiphyseal closure, (e) 
depresses slightly the blood calcium, but does 
not increase the serum inorganic phosphorus. 

To summarize; The male sex hormone is 
rachitogenic; the female sex hormone is anti- 
rachitic. The use of the female hormone is 
suggested either alone or in conjunction with 
vitamin D in the treatment of either sex 
where there is overaction of the parathyroids. 

The authors wish to thank tlic C.'iliforni.'i Pack- 
ing Corporation and Mr. J. E. McConkie, Director 
of Eescarch of that organization, for their splendid 
cooperation in these vitamin studies, and to the 
Ciba Pharmaceutical Company for the liberal con- 
tribution of their endocrine products used in these 
studies. 
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Activation o£ Plasma Thromboplastinogen and Evidence of an Inhibitor.*' 

Armand J. Quick and Mario Stefanini.1 
From the Department of Biochemistry, School of Medicine, Marquette Dniversity, Mihonuhcc, 

Wise. 


Evidence has been presented earlier indi- 
cating that the first reaction in the coagula- 
tion of the blood is the conversion of the pre- 
cursor of thromboplastin, ihromboplastinogen. 
to the active form.* This is brought about by 
a factor in the platelets. Hemophilic plate- 
lets appear equally as active as those of normal 
blood. The reaction can readily be studied 
by the prothrombin consumption test, which 
consists in determining the prothrombin be- 
fore and after coagulation. Tj^pical results 
are presented in Table I. 

Recently ^lilstone- has also obtained data 
showing that the thromboplastin in plasma 
occurs in an inactive form which he names 

• This work was supported by a grant from tlic 
U. S. Public Ilealth Service. 

i Department of Internal Medicine, Dniversity 
of Romo; at present Senior Ecsetircb Fellow, Na- 
tional Institute of Health. 

1 Quick, A. X, Am. ,T. Med. Sci., 1947, 21-4, 272. 
e Milstonc, J. H., Science, 1947, IOC, 04G. 


prothrombokinase. He observed that it is 
activated in the presence of calcium, but be 
does not mention or apparentl}’^ consider the 
platelets as a possible activation factor. From 
recent studies* it appears more likely that 
thromboplastin is not an enzv'me but that its 
activation is enzymatic. 

Recently it was found that the blood of a 
patient who developed a hemophilia-like dis- 
ease (presumably as a sequela to pemphigus) 
contains an agent which inhibits the activation 
of Ihromboplastinogen. Significant results 
obtained in the study of the patient’s blood 
are given in Table 11. In addition it was 
found that the prothrombin time response lof 
the patient’s plasma to serial dilutions of 
thromboplastin is identical with that of nor- 
mal plasma. 

^ It seems clear that the impaired coagula- 
tion is not due to an anti-thromboplastin. 
The cause must be due either to a lack of 
Ihromboplastinogen or to failure of the latter 
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Inhibitor of Thromboplastinogen 


TABLE I. 

Protlirombm Consumption in tlic Coagulation of formal Blood, of Konnal Deplatelctizod 
I lasn iajin^ (^ Normal Dcplatclctized Plasma Mixed with Hemophilic Platele ts. 

One hour after coagulation 


* 

Prothrombin Prothrombin 
time activity 

of serum} remaining 

sec % 


Normal blood 37 yO 

Deplateletized* normal plasma 10’/. 100 

Deplateletized normal plasma mixed with hemophilic platelets} 37 ' 10 

* The needle and syringe used for collecting the blood were coated with methyl-chloro silane 
(Dri-Film) . The blood was transferred to a tube similarly coated and centrifuged at 0000 rpm 
in an angle centrifuge for 10 minutes. 

t Washed platelets obtained from 3 cc of hemophilic plasma by means of differential cen- 
trifugation were mixed with 1 ec of deplateletized plasma. 

} To a mixture of 0.1 ce of 0.02 M CaCL, 0.1 cc thromboplastin and 0.1 cc fresh oxalated 
plasma treated with CasCPO^)^, 0.1 cc of serum was added. 


TABLE II. 


Evidence of a Substance (in the Blood of a Patient with a Hemophilia-like Condition) Which 
Inhibits the Activation of Thromboplastinogen. 



Coagulation 

time 

(Lee- White) 
min 

Prothrombin activitj' 
remaining in scrum 

1 14 hr after coagulation 
% 

Normal blood 

6 

15 (32 sec) 

Hemophilia-like blood 

35 

80-f (12 ” ) 

Hemophilia-like blood, 1 vol., normal blood, 1 vol. 

30 

80+ (12 ” ) 


to be activated. If it be a simple lack of 
thromboplastinogen, the addition of normal 
blood should restore the coagulation time 
approximately to normal and significantly 
increase the prothrombin consumption as is 
observed with hemophilic blood. This does 
not occur. In fact when one volume of the 
patient’s blood is mixed with one volume of 
normal blood, the mixture has nearly as long 
a coagulation time as that of the patient’s 
blood. The most obvious explanation is that 
this hemophilia-like blood contains an excess 
of a substance 'which inhibits the conversion 
of thromboplastinogen to active thrombo- 
plastin. This also e.xplains why patients of 
this type are refractory to transfusions and to 
anti-hemophilic globulin. In uncomplicated 
hemophilia, the defect appears to be essen- 
tially a deficiency of thromboplastinogen, but 
the reports of Munro and Munro® and of 
Lawrence and Craddock'* suggest that the dis- 
ease can be complicated by the appearance in 

3 Munro, F. L., and Munro, M. P., J- C^'"- 
Invcst., 1946, 23, 814. 


the blood of an inhibitor. It is likely that 
the agent is the same as the one occurring in 
the patient of this report. 

From these results it can be concluded that 
a thromboplastin deficiency may arise either 
from a lack of thromboplastinogen in the 
plasma or from an agent which inhibits the 
platelet factor. A third possible cause may 
be postulated, namely, a lack of the platelet 
factor. All three conditions are characterized 
by a markedly incomplete conversion of pro- 
thrombin. 

Summary. The first step in coagulation is 
the conversion of thromboplastinogen to 
active thromplastin b\' a platelet factor. The 
platelets from hemophilic blood react equally 
as well as those of normal blood. Evidence 
of a factor ■which inhibits the activation of 
thromboplastinogen has been found in the 
blood of a patient who has an acquired hemo- 
philia-like condition. 

4 Luwrence, 3. S., and Craddock, C. G., Science, 
1947, IOC, 473. 
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Dietary Impairment of Estrogen Response in the Immature Monkey. 

Roy Hertz. 

From ihe yaiional Cancer InsiiUiie, BethesHa, 


We have previously reported that the gen- 
ital tract of immature chicks maintained on 
a diet deficient in folic acid shows only a 
slight growth response to estrogenic hor- 
mone.^ 

The laboratory monkey {Maccactis rhesus) 
is known to require e.vogenous folic acid, and 
the characteristic features of the deficiency 
syndrome have been described.**^ 

We wish to report that sexually immature 
monkeys which are maintained on a synthetic 
diet known to be deficient in folic acid fail 
to show the characteristic changes Qbsen,'ed 
by Allen'* and others in estrogen-treated 
monkeys fed a natural diet. 

Ten sexually immature female monkeys 
weighing between 2500 and 2900 g were indi- 
vidually caged and fed ad libitum a purified 
diet of the following percentile composition;^ 
C. P. dextrose, 73 ; vitamin-free casein (Sma- 
co), 18; salt mixture, 4; corn oil, 3; cod liver 
oil, 2:' In addition, the following supplement 
suspended in 20 cc of water was offered each 
monkey daily; thiamine, 2 mg; nicotinic acid, 
10 mg; riboflavin, 2 mg; pyridoxine, 2 mg; 
calcium pantothenate, 6 mg; choline, 100 mg; 
para-aminobenzoic acid, 200 mg; /-inositol, 
200 mg; ascorbic acid, 50 mg; biotin, 50 /xg; 
dextrose, 2 g. When a monkey failed to 
consume the supplement voluntarily it was 
administered by stomach tube. 

To the diet of 2 of the monkeys 5% by 
weight of whole dried liver substance was 
added for control. 

I Hertz, It.. Fndnerinolnflu, 1945, 37, 1. 

■- Pay, I’. L., Langston, W. C., and P.arby, W. ,T., 
I'roo. .Soc. E.xf. Biou A.s-D XIkd., lO.as, 38, SCO. 

a Pay, P. 1.., Xiin.'J, V., and Potter, .T. It., 
.T. li. r., 1945, l«l, 4.5. 

< Allen, E., Ilisaw, F. L., and Gardner, tV. V„ 
Srx (ind Jntcnwl Scerrtions, 2nd Edition, 1939, 
Cliapler VIII. 

Wei.ntn.an, 11. A., Ra.smu.'ssen, A. F., Elrelijcm, 
C. A., and Clark, P. F., J. A'utrition, 1945, 20, 205. 


The monkeys ivere observed for periods 
ranging from 43 to 66 days. As each animal 
on the experimental diet developed signs of 
deficiency characterized by apathy, muscular 
weakness, diarrhea, anorexia, weight loss and 
leukopenia, daily subcutaneous injections of 
66 /ig of estradiol benzoate in 0.2 cc corn oil 
were administered for periods ranging from 
5 to 10 days. Similar treatment ivas given 
the liver-supplemented animals after com- 
parable periods of observation. Daily exam- 
ination was made of the vaginal smear, the 
external genitalia, and the sexual skin. 

The data are summarized in Table I. It 
will be seen that of 8 monkeys maintained on 
the deficient diet 6 failed to show any change 
in the external genitalia or sexual skin follow- 
ing estrogen treatment for 8 to 10 days. In 
the 2 liver-supplemented animals the charac- 
teristic external changes were readily ob- 
servable by the end of the third day and •^vere 
verj' marked by the end of the fifth day 
(Fig. 1 and 2). The vaginal smears in the 
non-responsive e.xperimental animals showed 
little change following estrogen administra- 
tion -whereas the smears from the liver-sup- 
plemented animals showed the characteristic 
cornified cells. 

These observations do not establish the 
specificity of the dietary deficiency produced 

TABLE I. 


Perineal 

Estrogen Besponse 

of "M 

’ ’ Pcficient 


Jtonkeys 




D.ays on 

Pays 


Jtonkey 

diet injected 

Response 

694 

43 

0 

negative 

<jV;i 

55 

8 

yy 

19 

GO 

10 

yy 

IS 

60 

10 

t f 

B39 

4S 

s 

» t 

B18 

4S 

s 

Tt 

B9 

46 

47 

4S 

5 

5 

posUH'i* 

yy 


Eacii monkcr ^:ivcn fiG /ig (400 Ji.V.) of cotta- 
diol bcnzo.ite in 0.2 cc com oil snbeutancouslv 

aailT. 



Pio. 1. 

Perineum of folic acid-deficient monkey after 10 days estrogen treatment. 

Pig. 2. 

Perineum of control monkey after 5 days estrogen treatment. 


since we have not attempted to restore the 
estrogen responsiveness in the folic acid defi- 
cient monkey following the administration of 
crystalline folic acid. However, we have 
observed such a restoration of estrogen 
response in the folic acid deficient chick 
following the administration of synthetic folic 
acid. Moreover, Day et al.- have shown 
that monkej^s on diets comparable to that 
employed here show a good therapeutic 
response to folic acid. 

Monkeys are known to show wide varia- 
bility in the length of time required^for the 
development of folic acid deficiency.- It is 
possible that the 2 animals on the deficient 
diet which showed a good response to estrogen 
were incompletely' depleted of folic acid at 
the time they were tested, although they were 
not grossly distinguishable from the others. 

The mechanism and the biological signifi- 


cance of the dependence of estrogen utiliza- 
tion on dietary folic acid remain obscure. 
The existence of this relationship in two such 
widely' diverse forms as the chick and the 
monkey suggests that the phenomenon may' 
be of phy'siological significance. Perhaps the 
well-known sex difference in ery'thropoiesis 
may' depend in some way' upon this interrela- 
tionship between folic acid and the estrogens. 
In this connection, Taber et alP have shown 
that the characteristic sex difference in red 
count in the chick may' be reversed by' admin- 
istration of either male or female sex hor- 
mone. Analogous findings have been pre- 
sented by' Vollmer ct al7‘ for the rat. 

0 Taber, E., D.avis, D., .and Domni, L., Jin. ,1. 
Finis., 1943, 1S8, 479. 

"VoUmer, E. P., Gordon, A. R., Levenstoin, I., 
and Cliaripper, A. A., Pr.oc. Soc. Exn. Bioi.. and 
5Ied., 1941, 4C, 409. 



115 


Rekal Resistance in “Essential Hypertension” 


SummciTy. Of 8 sexually immature mon- 
keys maintained on a folic acid-deficient, svm- 
tbetic diet until evidence of dietary deficiency 
appeared, 6 failed to show the characteristic 
normal response to estrogen administration. 


Two control monkeys fed the same diet plus 
liver and 2 of the apparently deficient animals 
showed Upical estrogen response to similar 
hormone treatment. 
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Renal Resistance in “Essential” Hypertension. 'Relation to the Effect of 
Sympathectomy on Blood Pressure.*^ 

:MILT0K LaNDOWNE and .\LF S. .\L\nNG. 

From ihe Deparimeni of Ztedicinc, University of Chicago. 


Blood pressure and renal dynamics were 
studied preoperatively in 13 hj'pertensive 
patients subjected to extensive sympathec- 
tomy in 1940-42.'‘'= These obseiA’ations were 
repeated on 12 of these cases at intervals 
extending up to 8 to 40 months after opera- 
tion. Current analysis of these data suggests 
that the preoperative renal resistance may 
indicate with reasonable accuracy whether a 
significant reduction in blood pressure will 
follow the operative procedure. MTiile renal 
resistances were also calculated by the method 
of Lamport, 2 a value for “crude” renal re- 
sistance is satisfactory. The “crude” renal re- 
Blood Pressure 

sistance is defined as f1o,v 

The arithmetical mean of systolic and dias- 
tolic brachial arterial pressure determined by 
sphygmomanometer, is taken as the blood 
pressure; and the diodrast or para-amino hip- 
purate clearance of blood in cc per minute 
per 1.73 square meters of body surface is 
considered to represent renal blood flow. 
The resistance value obtained was above nor- 
mal in all cases. It was less than 22 in 5 
cases with definite postoperative reduction in 
blood pressure and was 22 or more in 7 cases 

• Aided hy a grant from tlie Douglas Smitli 
Foundation. 

I Adams, tV., Alving, A. S., Sandiford, I., Crim- 
son, K. S., and Scott, C., .-Im. .T. Fhysioi. (Proceed- 
ings), 1941, 133, 190. 

a Crimson, K. S., Adams, VT., .Mving, A. S., and 
Dando^vno, M., in preparation. 

SDamport, H.. J. Clin. Invest., 1945, 22, 4G1. 


with little or no reduction in blood pressure. 
The means of the postoperative diastolic blood 
pressure in these two groups were 88.8 and 
120.3 mm Hg, respectively, the difference 
between these being significant (Fig. 1), 
when subjected to Fisher’s method for the 
comparison of small samples.^ Diastolic pres- 
sures were averaged for each patient during 
periods of hospitalization for the studies. The 
pressures taken during the renal tests for 
each patient tend to be slightly higher than 
the corresponding hospital averages. Using 
either “test” diastolic, or (sj’^stolic plus 
diastolic) pressure values, the difference in 
the means of post-operative pressure in the 
two groups arbitrarily divided according to 
resistance, remains significant (t = 5.41, 
4.49). 

It is therefore unlikely that chance alone 
would produce the results obtained in this 
grouping. However, the data of our series 
alone is inadequate to prove that the differ- 
ence in resistance is the only responsible 
factor. Several other factors may be 
involved. Four of the patients where blood 
pressure was markedly reduced by operation 
were the 4 youngest in the series. If we 
divide our patients according to age, a sig- 
nificant difference in the mean of postoper- 
ative pressure is noted when this division is 
made at or under 35 j-ears (Fig. 1). The 

■* Fisher, 1?. A., Statistical Methods for Research 
TTorl'cr.s, lOtli edition, G. E. Stcchcrf. Nem York 
p. 122, 194G. 
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Fic. 1. 

Scatter diagrams from data of 12 Iiypcrtciisivc patients subjected to sympatliectoiny. 
Tlie averaged post-operative diastolic pressure in rain Ilg (ordinates) is related i" 
of 4 nre-operative measurements, r indicates the first order coefficients for tbo 
ploUed and a- the standard error of the estimate. The means of ordinate values great 
nml less than arbitrarv vertical divisions are indicated by horizontal lines. The difFcrcnce 
of fhe 4ans standard error of this dilTerenee (S.E.,„„ ), their ratio (t) and 

the probability value (p) are shown. 


;erage preoperative “crude” resistance of 
le patients 35 years of age or younger was 
iwer than the average of the patients over 
5 years of age, but the difference_ has little 

gnificance (p > 0.05). 
jmponent values used to derive crud 
■sistance indicates that a grouping of cases 
n the basis of preoperative diastolic pr^sure 
.vel reveals no significant differences in re- 
mits Division according to preop.rati 
»nal blood flows at or below the value of 


549 cc per minute selected by Foa ct al.;' or 
even at 700 cc per minute, does not result in 
a significant difference in the postoperative 
diastolic means. Onlj’ if the cases are divided 
at a renal blood flow of 800 cc per minute, 
are significant differences manifest. At this 
lev'el the grouping is identical to that obtained 
by division at a “crude” resist ance of 22 units. 

5 Foa, P. p., Woods, w. tv., Pcct, W. M., and 
Foa, X. L., Arch. Intern. .Vn?., IPI.l, 71, 3,)T. 
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Fio. 2. 

Composite scatter diagram relating preoperative renal resistance in “crude” units to 
tlic average postoperative diastolic pressure in mm Wg of 38 patients vvitli liypertension 
subjected to s.vmpatlicctomy. Tneiity-six cases arc calculated from data in the litera- 
turc>!' 


Fig. 1 also indicates the zero order coeffi- 
cients of correlation (r) and the standard 
error of the estimate (< t ^) of the relation of 
postoperative pressure to each of the 4 para- 
meters mentioned, viz., log “crude” preopera- 
tive resistance, preoperative diastolic pressure, 
preoperative renal blood flow, and age. All 
show good correlation but with a wide scatter. 

Fig. 2 indicates the relation between the 
postoperative diastolic pressure and the pre- 
operative “crude” resistance, again for the 
present series (black dots) and for the calcu- 
lated values in 26 additional cases reported in 
the literature.-’''’”’"”'' If these 26 cases are sim- 
ilarly divided into 2 groups on the basis of 
whether their calculated preoperative “crude" 
resistances are below 22 units, or are 22 or 


more; the differences of the means of their 
postoperative diastolic pressures is also highly 
significant (y — j'’ = 25 mm, p < 0.01). 
No significant differences in postoperative 
diastolic means are revealed by groupings 
using age, preoperative diastolic pressures, or 
renal blood flows. If divided at a renal blood 
flow of 549 cc per minute, p is greater than 
O.I, and, if the higher level of 700 cc per 
minute is used, the likelihood that chance 
e.vplains the difference is almost as great 

fiOort’or.'in, A. and Page. I. U., Arch. Siiri;., 
1041, 42, 1072. 

1 Seizcr, A., and Friedman, M., Proc. Soc. Exr. 
Bioi.. ASD Mei>., 1041. 48, 42.0, 

s Findley, T., Clinton, E., and Edwards, .T. C., 
Svrpeni, 104‘2, 12, 04, 
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(y — y = 20.2 mm, p > 0.05). Only 4 
cases had preoperative renal blood flows 
above 800 cc per minute. Resistance values 
were calculated from the publications of these 
authors, using pressures at the time of the 
tests wherever designated by them, and with- 
out modification of data. Where hematocrit 
was not given, a value of 0.43 was assumed. 


Coiiclxtsloii, A relation of the preoperativc 
renal resistance to the postoperative blood 
pressure has been demonstrated in patients 
with hypertension subjected to sjnnpathec- 
tomy. A complete test of the reliability of 
this relation in predicting the result of sjnn- 
pathectomy requires additional data. 
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Antagonism by Cellular Extracts of Effects of Respiratory Poisons on 
Onion 'Roots and Sea Urchin Eggs. 

Eileen W. IMacfarlane and Louis V. Nadeau. (Introduced by Elton S. Cook.) 

From the Bivision of Biology, Institutum Divi Thomae, Cirtcinnati, Ohio, and Balm Beach, 

Florida. 


Aqueous yeast extract has been shown to 
antagonize the deleterious effects of potassium 
cyanide, basic phenylmercuric nitrate and 
sodium azide upon respiration^--'^-^ and of 
■basic phenylmercuric nitrate on the growth^'®’* 
of unicellular organisms and fragments of 
mammalian tissues. Study of the antagonism 
of yeast extract against the effects of these 
respiratory poisons has now been extended 
to intact multicellular structures, namel}^ the 
roots of the onion and the eggs of the sea 
urchin. 

Onion Roots. Onions {Allium cepa) of 
approximately 5 cm in diameter, purchased 
in market, were germinated over water in the 
dark at room temperature. When the roots 
were approximately 4-7 cm in length they 

1 Cook, E. S., and Kreke, C. W., Proc. Soc. Exp. 
Biol, and Med., 1943, 53, 222. 

2 Cook, E. S., Kreke, C. lY., Eitcrt, Sr. M. R., and 
Sa^Tyer, M, A., Proc. Soc. Exr. Biol, and Med., 
1942, 50, 210. 

3 Kreke, C. W., and Suter, Sr. M. St. A., J. Biol. 
Chem., 1945, 100, 105. 

4 Kreke, C. lY., and Siifcr, Sr. M. St. A., Sliidics 
Inst. Divi Thomae, 1945, 4, 85. 

5 Cook, E. S., and Kreke, C. lY., Xatiirc, 1940, 

146, ess. 

c Tliomas, G. AY., Fardon, .T. C., Baker, S. h., and 
Cook, E. S., J. Am. Fharm. Assn., Sci. Ed., 1945, 
B4, 143. 


were reduced in number to 10-25 of uniform 
appearance. The normal rate of growth w'as 
1 cm to 1.5 cm per day. The poisons em- 
ployed ivere basic phenylmercuric nitrate 
(PMN) in concentrations of 1:200,000 to 
1:24,000 (7.5 x 10-« to 6.3 x 10-® M); potas- 
sium cyanide, 0.4^ (0.06 M); mercuric 
chloride, 1:72,000 (5.1 x 10^ M), and ure- 
thane, 3 and 5^o (0.34 AI and 0.56 M). 

The crude yeast extract, in dilutions of 
0.8 to 2.5%, Avas an alcoholic e.xtract corre- 
sponding to Sample A as described by Cook, 
Kreke, and Nub’ni.'^ In a few e.xperiments 
beef spleen extract® tvas used in concentrations 
of 0.4 and 0.2% with concentrations of 
1.6 x 10"® PiMN. The onion roots were 
immersed about half their total length in the 
test solutions for 1 hour and ivere thoroughly 
rinsed before replacement in tap water. The 
lethal dose of the poison was established as 
the amount which would lead to the death 
of all of the roots as a consequence of 1 hour 
of exposure. On surviving roots, enlarged 
tips, if they developed, usually' did so in the 
24 hours following e.x’posure to the test solu- 
tions. 

TCook, E. S., Kreke, C. AY., .niid Niitini, B. G., 
Studies Inst. Divi Thomae, 1938, —, 23. 

sShiff, I. D. T., Studies Inst. Biri Thomae, 
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TABLE I. 

Gross Effects on Onion Boots After One Hour of Exposure to Bespiratory Poisons and Yeast 

Extract. 

Concentrations 


Yeast extract. 
Poison % 

Dead 

roots, 

% 

Terminal 

swellings, 

% 

Growth 

arrest, 

hr 

Total growth 

4 days, 
cm 

0 

0 

0 _0 

Basic Phenylmercurfc Nitrate. 

0 

4-G 

1:200,000 

— 

0 

100 

24 

2-3 

(7.5 X 10-0 M) 

1.0 

0 

100 

24 

2-3 

1:96,000 

— 

100 

— 

— 

— 

(1.GX10-&1.I) 

0.8 

0 

100 

24 

2-3 

1:70,000 

— 

100 

— 

— 

— 

(2.1 X 10-5 jM) 

1.0 

0 

100 

12-24 

2-4 

1:50,000 

1.2 

0 

76 

12-24 

2-3 

(3,0 X 10-5 M) 

2.5 

0 

100 

48* 

1-1.5 

1: 48,000 1 

— 

100 

— 

— 

— 

(3.1 X 10-3 M) 

0.5 

0 

100 

12-48 

2-3 

1:30,000 

— 

100 

— 

— 

— 

(5.0 X 10-5 M) 

0.5 

100 

— 

— 

— 

1.0 

80 

20 

72 

1 

1:24,000 

— 

100 

— 

— 

— 

(6.3 X 10-5 M) 

1.0 

100 

— 

— 

— 

2.0 

21 

0 

Indef. 

% 


2.5 

0 100 
Potassium Cyanide. 

12-72 

0.2-3.5 

0.4% 

— 

100 

— 

— 

— 

(0.06 ^t) 

1.0 

0 

0 

Mercuric Cliloride. 

Slight 

3.5-4 

1:72 000 

— 

100 

— 

— 

— 

(5.1 X 10-5 M) 

1.0 

0 

0 

Slight 

4-4.5t 


* On'y 50% resumed prnwtli. 
f Only 30 minutes e.xposurc. 

} Secondary roots developed, after 5 days, from root tips and along entire immersed lengtli. 


The results are summarized in Table I. 
^^^^en the effects of the test solutions were 
sublethal, growth by elongation, in many 
instances was arrested in the succeeding 24- 
hour interval. During this time small swell- 
ings developed just behind the meristematic 
tip which were similar in appearance to those 
produced by exposure to colchicine and to 
various organic salts.® Growth was usually 
resumed at a reduced rate on the second day 
and distal to the terminal swelling (Table I). 

Yeast e.xtract in no way modified the effects 
of a sublethal concentration of PMN, but 
prevented the lethal action of concentrations 
of the poison as high as 6.3 x 10*® M, with 
the subsequent production of terminal swell- 
ings, In one e.\'perimcnt (PMN, 3 x 10*® M, 
and yeast extract, 2.5%) only 50% of the 
roots resumed growth within 4 days. To 
determine if this was in part due to the higli 
concentration of the yeast extract, onion roots 

n Levan, A., Katurc, 1915, J,"0, 751. 


were exposed to a 2.5% concentration of the 
extract alone. In the next 4 days their 
average growth was only 5 cm while that of 
control roots on the same bulb which had 
been in water throughout, was 6 cm. By the 
4th day the daily increment was equivalent 
to that of the control roots. 

Against lethal amounts oi K.CN and HgCU, 
a 1% concentration of yeast extract entirely 
protected the roots with no swellings or 
irregularities in form developing. 

The action of urethane on onion roots dif- 
fered from that of the PhlN, KCN, and 
HgCla. A 5% solution (0.56 M) acting for 
1 hour was not lethal. Growth was arrested 
for 48 hours but no swellings developed. Ex- 
posure for as long as 6 hours to a 3% 
(0.34 M) solution was not lethal at the end 
of that time and elongation continued for the 
next 24 hours, but was arrested on the second 
day, during which time terminal swellings 
developed. By the 4th day the tiny meriste- 
matic tip distal to the swollen zone was dead. 
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Twenty-four hours after exposure to 3% ure- 
thane and 1% yeast extract the roots were 
flaccid and dead in a zone 1 cm in length 
immediately behind the meristematic tip; no 
terminal swellings developed during the 
interval. 

Two experiments with aqueous beef spleen 
extract in concentrations of 0.4 and 0.2% 
were made using 1:96,000 PMN (1.6 x 
lO"" M), for an hour of exposure. With 
0.4% beef spleen extract none of the roots 
was dead at the end of the exposure period. 
Growth was arrested for 24 hours, during 
which time 2 of the 12 roots developed small 
terminal swellings. Very slight growth (1-2 
cm) resulted during the 5 days following 
exposure. With 0.2% spleen extract, 4 roots 
were dead at the end of 48 hours; the 
remaining 10 continued to grow very slowljq 
2 developing swollen tips and the others 
■becoming curved and irregular in form. 

Sea Urchin Embryos. Fertilized eggs in 
the 2- to 4-cell stage of the sea urchin {Trtp- 
neustes esculentus) were exposed for 1 hour 
to basic PMN and to mixtures of PMN and 
yeast extract and of PMN and beef spleen 
extract. Suspensions of fertilized eggs were 
prepared according to Just’s method.’" About 
10 ml of thick egg suspensions containing a 
few hundred eggs were diluted to 30 ml with 
fresh sea water and used for each experiment. 
In control experiments the developing eggs 
were ciliated motile blastulae within 20 hours. 
The concentrations of PMN used were 
1:144,000 (1 X 10^"’ M), 1:1.5 million 
(1 X ICh" M), and 1:2 million (7.5 x 10^ M) ; 
1:3.2 million (4.7 x lO"' M) and 1:4 million 
(3.8 X 10-'’ M). The crude 3'east extract 
was diluted to 0.5, 0.8, and 1.0^. 

With all of the concentrations of PMN, 
except the most dilute solution, 95 to 100% 
of the eggs were dead at the end of 20 hours 
after exposure to the poison for 1 hour. Some 
of the eggs (43, 30 and 95%) resumed growth 
after removal from the more concentrated 
solutions of PMN (1 x 10-" M, 1 x 10-« M, 
7.5 X 10'" iSI), but onh' 2% of those in 
1 X 10-" M reached the blastula stage and 

10 Just, E. E., Basic ifellwds on Eggs of Marine 
Jaimafs/philndclphin, P. Blakiston’s Sou and Co;, 
1939. 


became motile. IMost of the embryos treated 
divided but once more. Idany of the em- 
brj'os were anomalous in form and some of 
the cells cytolyzed. In the weakest dilution 
(3.8 X 10''’ M) the eggs were undamaged 
after 1 hour of e.xposure to the poison, resum- 
ing a normal rate of growth and development 
except for the slowing of the rate of absorp- 
tion of the v'olk. 

Yeast extract (0.8%) did not protect the 
eggs against the lethal action of PMN 
1 X 10-’’ M, although a larger percentage 
resumed growth for a short period, after re- 
moval to seawater, than was the case with 
eggs ex-posed to Pi\IN of the same concentra- 
tion alone. None of the cells was C3'tolyzed. 
All of the eggs exposed to PMN 1 x lO"" JI 
and 1% yeast extract resumed growth, and 
half reached the motile blastula stage as con- 
trasted with the 30% resuming growth, and 
2% reaching the blastula stage after e.xposure 
to the poison alone. Mortality at 20 hours 
with 3’east extract and the poison was 50% as 
compared to 95% wdthout extract. There 
were also fewer anomalous forms and less 
cytolysis among the eggs e.xposed to the mix- 
ture of poison and yeast extract than among 
those exposed to the poison alone. At a 
PMN concentration of 4.7 x 10'”’ M, 3-east 
extract (0.8%) completely overcame the dele- 
terious effects of PMN. 

Evidence of a retarding action of the 3’east 
extract itself lies in the observation that 
there was a more nearly normal rate of 3’olk 
absorption after e.xposure to PMN 3.8 x lO"' 
M with 0.5% extract than with 1.0% of 
e.xtract. Beef spleen extract at 0.8% concen- 
tration was less effective than 3’east extract 
in antagonizing the deleterious effects of PMN 
on sea urchin eggs. 

Discussion. It has been shown that, while 
basic phenylmercuric nitrate inhibits enz3’mes 
dependent upon the -SH group for their 
activity, it also inhibits iron porph3’rin en- 
z3'mes such as catalase and C3'tochrome oxi- 
dase; azide and C3’anide likew-isc inhibit 

' 11 Cook, E. S.,~Krekc, C. W., McDcvilt, Sr. Jt. 
of E., .md Bartlett, .Sr. Jt. B., J. BM. Chem., 194G, 
162, 43. 

Cook, E. S., and Borisutti, G., J. Bint. Chem., 
194", 167, S27. 
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the iron porphyrin enzymes.^'* Yeast extract 
has accelerated the activity of cytochrome 
oxidase and offset the effects of PiMN (Cook 
and Kreke, unpublished) and poisons specific 
for this enzyme.®’'* Moreover, yeast extract 
fails to. antagonize poisoning of the respira- 
tion of yeast and mammalian tissue by ure- 
thane ■which inhibits the dehydrogenases.®’* 
In the present work, the action of urethane on 
onion roots differed from that of cyanide and 
PMN in 2 respects, in that (a) the meri- 
stematic cells were first killed and (b) this 
effect could not be offset with the concentra- 
tions of yeast extract used. 

The effects of respiratory poisons and yeast 
extract on multicellular structures appear to 

~3 Cook, E. S., c” W., and AValsIi, Sr. 

T. Vl., J. Bioh Chcm., 194C, 1C2, 51. 

MMcElroy, W. D., Quart. Bcv. Biol., 1947, 
22,25. 


resemble those described for unicellular organ- 
isms and mammalian tissue fragments. Cyto- 
logic studies are now in progress to determine 
if the toxic action is also evident in intra- 
cellular modifications. In these experiments 
reaction of the extracts with the poisons can 
not be excluded nor can possible direct effects 
of the extract on the enzyme systems or on 
the cell membranes. Further experiments 
will be undertaken to obtain information on 
these points. 

Summary. The lethal and sub-lethal effects 
of basic phenylmercuric nitrate, potassium 
cyanide and mercuric chloride on onion roots 
and sea urchin embryos can be antagonized 
by yeast and beef spleen extract. These 
observations are in agreement %\ith reports 
that yeast extract can offset the action of 
respiratory poisons on some enzyme systems. 


]ir/ssu£s" 
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Determination of Serum Poly.saccharides by the Trj'ptophane Reaction.* 

M. R. Shetlar, Janeal Villet Foster, and Mark R. Everett, 

From the Department of Biochemistry, University of OUahoma School of Medicine, Oklahoma 


City, 

A number of investigators have described 
methods for the quantitative estimation of 
the polysaccharides associated with the serum 
proteins. Merten^ estimated these bound 
sugars by determining the difference between 
the free sugar and the total reduction after 
add hydrolysis of the serum. Lustig and 
Langer- applied the Tillman-Phillippi orcinol 
method to an alcohol precipitate of serum. 
Seibert and Atno® adopted the carbazole re- 
agent of Dische^ for the quantitative estima- 
tion of polysaccharide in serum, both directly 
on the proteins obtained by ethanolic pre- 
cipitation and by difference between the re- 
ducing sugar and the total sugar determined 
with carbazole. Sheppard and Everett® de- 
scribed a reaction for the colorimetric deter- 
mination of carbohydrates bj’’ means of trypto- 
phane. The latter determination has the 
advantage that tryptophane arising from the 
hydrolysis of protein obviously does not inter- 
fere with it. It is the purpose of this paper 

* .\i(k'il 1)V a prant from tlic OWalioina Division 
(if tlic Atncrioaii Caiicc'r .Societr, 

I MiTlon, ItiL’liard, Biochcm, Z., 193S, 207, 304. 

-I.u'lig, li., and Danger, A., Biochcm. Z., 1931, 
212. 320. 

a Seibert, F. B., and .\tno, .T., J. Biol. Chem., 
HUO. !«.% all. 

' Di.nciie, 7,., Biochcm. Z., 1927. 180. 77. 

•' Sbeiijiard, F., and pverett. JI. B., J. Biol. 
Chem.. 1937. 110, 1. 


OUa. 

to describe the application of this reaction 
to the rapid quantitative assay of non- 
glucosamine serum polysaccharides. 

Experimoital. Reagents: 1. Sulfuric acid 
solution, 77% by volume. 770 ml of C.P. 
concentrated sulfuric acid is added to 230 ml 
of distilled water. 

2. Absolute ethanol, 

3. Tryptophane solution, 1%. 1 g of 

/-tryptophane (Eastman Kodak) is dissolved 
in 99 ml of warm distilled water. The solu- 
tion is filtered and stored in a glass stoppered 
bottle in the refrigerator until read3’- for use. 

Method: The method for blood serum is 
as follows: The serum is diluted 1-2 with 
0.9% sodium chloride. Two-tenths ml of the 
diluted serum is pipetted drop by drop into 
10 ml of absolute ethanol in glass stoppered 
centrifuge tubes. The precipitate is centri- 
fuged out and washed once with 10 ml of abso- 
lute ethanol. .After centrifuging as before, the 
ethanol is decanted and the precipitate drained 
by inversion of the tube. One ml of distilled 
water and 7 ml of 77% sulfuric acid are then 
added, the tube is allowed to stand at room 
temperature for 10 minutes, to dissolve the 
precipimte. and it is then placed in an ice 
bath ii r 15 minutes. One ml of cold 1% 
aqueous tryptophane solution (filtered before 
using) is added to each tube without shaking. 
The contents of the tube are mixed and the 
tube placed immediately in a boiling water 
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tryptophane. 

•bath for a period of 20 minutes. The tube 
is shaken once after it has been heated 10 
minutes. After removing from the boiling 
water the tubes are cooled for 5 minutes in 
an ice bath and then allowed to stand 25 min- 
utes at room temperature. The concentration 
is determined in a Coleman No. 11 spectro- 
photometer by reading against a blank (with- 
out the serum precipitate) which is run 
through the above procedure. 

Standard: Equal amounts of d-galactose 
and d-mannose were used as a standard since 
present evidence indicates that the poly- 
saccharide of serum is composed of equi- 
molecular amounts of glucosamine, mannose, 
and galactose.® As shown by absorption 
curves (Fig. 2) glucosamine has little influ- 
ence on readings made at 500 m^, increasing 
the absorption only 19 ^- 

Results. Absorption Curves. .Absorption 
curves for mannose, galactose, glucose, glyco- 
gen, fructose, glucosamine, glucuronic acid, 
bilirubin, and hemoglobin are shown in Fig. 1. 
The maximum absorption for galactose and 
for mannose is at 500 mu, for fructose at 520 
m/i, for glucose at 460 m/i. -As expected. 

oTleycrTK^^^t''’'. hi Protrin ClinniKlni. 1945, 
11, 249. 


glucose and glycogen produce similar curves. 

Absorption curves of mixed sugars are 
shoTOi in Fig. 2. The optical densities of the 
individual constituents are additive within 
experimental error. A typical serum absorp- 
tion curve, also absorption curves for ascitic 
fluid, and hydrocele fluid are included in 
Fig. 2. All curves have been calculated to the 
same height at 500 m/i. It is noteworthy' that 
the serum, ascitic fluid, and hydrocele fluid 
curves differ from the galactose-mannose- 
glucosamine curve by their greater absorption 
in the 400-480 m/i range. However, absorp- 
tion curves of partially purified serum poly- 
saccharide (polysaccharide: total nitrogen 
ratio = 0.97 : 1) and a similar polysaccharide 
from hydrocele fluid (polysaccharide; total 
nitrogen ratio = 0.33 : I) resemble closely 
the standard galactose-mannose-glucosamine 
curve. The enhanced absorption between 400 
and 480 ni/i is therefore due to the serum 
protein. 

When the above described jirocedure is 
followed, except that 1 ml of distilled water 
is added to the serum precipitate in place of 
the tryptophane solution and the result is 
read against a blank containing SO -/ of tryp- 
tophane (the amount present in 0.0667 ml of 
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Absorption curves of sugar mixtures and of body fluids after 
reaction ivith tryptophane. 



Fio. 3. 

.Misorjition curve of scniin protein vdthoiit added trypto- 
phane read against 00% sulfuric acid. 


scrum containing 7% protein) the upper ab- 
sorption curve in Fig. 3 is obtained. The 
lower curve was obtained by allowing a 
standard solution of galactose, mannose, and 
glucosamine to react with SO y tri-ptophane 
under the above conditions. The difference 
between the two cur\-es should then represent 
the result of chromophoric reactions of the 
system other than the trjTitophane-sugar 
reaction. lA'hen this derived curve is used to 
correct the serum absorption curve, they ap- 
proach the absorption cun’es of the galactose- 
mannose-glucosamine mixtures within e.xperi- 
mental error. It is noteworthy that no appre- 


ciable correction is necessary for the absorp- 
tion at 500 m/x. The nature of the substance 
or substances in serum protein which increase 
absorption in the region between 400 and 480 
nip was not discovered. .Addition to standard 
sugar solutions of tyrosine, cystine, and histi- 
dine at levels found in serum protein failed 
to influence the shape of the galactose- 
mannose-glucosamine curve. 

Hemolysis of the blood sample, if extensive, 
results in a positive error; the effect of hem- 
oglobin on the absoriition cur\-e (Fig. 2) 
is most striking in the 400-480 ni/x range and 
small at 500 mp. Therefore, the polvsac- 
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Fig. 4. 

Effect of added sugar upon serum-tryptoplianc 
absorption curve. 


solutions of the precipitates of several serums 
using the Folin-Wu procedure with a Somogyi 
(zinc hydroxide) precipitation. No glucose 
was found in any of these precipitates. 

To determine the completeness of the poly- 
saccharide precipitation the total carbohydrate 
and the polysaccharide were determined by 
the tryptophane method on the same samples 
of serum. Free sugar was also determined on 
these serums by the Folin-Wu procedure 
using the Somogyi precipitation. When the 
difference in absorption between the total 
carbohydrate and the polysaccharides was 
calculated as glucose, the results are as 
follows; 

Serum 1 Serum 2 


Polysaccharide by tryptophane 


method 

132 

118 

Glucose by Polin-Wu method 

97 

102 

Total earhohydrnte (calculated) 

229 

220 

Total carboliydrato bj tryptophane 


method 

228 

224 


1t*0 *1*0 n*0 Ct’O B)*0 K'O »0*6 M'O 



Jlilligrams of Galactose and JIannose. 

Pig. 5. 

Concentration curve of tlio sugar-tryptophane system at 500 ni/i. 


charide of slightly hemolysed samples may be 
determined with reasonable accuracy. 

Recovery Curves. Mixtures of standard 
galactose and mannose with serum gave the 
absorption curve shown in Fig. 4. The height 
of this curve varies between 94% and 
97% of the calculated value obtained bj' 
adding the absorption curve for the sugars to 


lat of the serum. . 

R^aeney of the Prcctpttalwn Process. 

ince it was necessary to learn if any free 
i^ar is carried down in tlie ethanohe precipi- 
lUon, glucose was determined on aqueou.s 


Since the total carbohy'dratc figures deter- 
mined directly or by calculation agree quite 
closely and since the precipitate contains no 
glucose, the serum polysaccharides are appar- 
ently completely' precipitated by' the procerhire 
described. 

Calculations. In the concentration range, 
0.02 mg to 0.16 mg of an equimolccular mix- 
ture of gaIacto.se and mannose, the Lamhert- 
Beers law applies, as indicated in Fig. 5. Cal- 
culation of unknown concentrations may be 
made bv either reading from the concentration 
curve or by the following formula: 
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Ex 100 

— X .1 X = mg% i)olys:i<;charLtle 

Es ,0GG7 as galactose and mannose 

where Ex is the extinction (log 1/transniis- 
sion) of the unknown, and Es is the extinction 
of 0.1 mg of an equimolecular mixture of 
galactose and mannose. 

E§ect of Aging on Absorption Curoes. 
WTien the solutions were read at various times 
after development of color, absorption cur%'es 
similar to those shoism in Fig. 6 were obtained. 
During the first 30 minutes, absorption 
increased in the 400-480 mfi range. No sig- 
nificant change in the curve occurred between 
30 and 60 minutes. Consequently, for quanti- 
tative results the samples were read between 
30 and 60 minutes after removal from the 
hot water bath. 

E^ect of Heating Time on Color Develop- 
ment. When the heating time in the boiling 
water bath was varied between 10 and 30 
minutes, the absorption cur\’es<shown in Fig, 7 
resulted. There is a progressive increase in 
the absorption at both ends of the cur\'e as 
the heating time is increased. Little variation 
occurred at 500 m/i except in the 25-minute 
curve for the galactose-mannose mi.xture. 

Quantitative Results on Human Sera. The 



Tlic circct tif :i(;iiig riftcr n'liinviil from tin’ 
Iniiliiig v.aiii Icitli upon tlio .•l^•!orpti(m of llio 
sugMr-trypttvplioiio system. 



Eig. 7. 

Tile effect of heating time on the absorption of 
the sugar-tryptophane system. 


concentrations of polysaccharide, e.xclusive of 
glucosamine, in the sera of 59 normal persons 
representing both sexes and all ages varied 
between SO mg % (fetal blood) and 139 mg 
% (blood from a senile man). These values 
are in general agreement with those of Sie- 
bert.® Detailed results from studies of normal 
and pathological subjects will be given in 
another paper. The method described has 
considerable accuracy, the average difference 
between duplicates being 2.4% in a large 
number of blood serum samples, 

Sinnmary. A colorimetric method based on 
the reaction of tryptophane with carbo- 
hydrates is described for the determination 
of serum non-glucosamine polysaccharide. 
The absorption maximum for the carbohy- 
drate-tryptophane compound is at 500 mp for 
galactose and for mannose, 460 mp for glucose, 
and 520 mp for fructose. Glucuronic acid, 
glucosamine, and hemoglobin have ma.vima at 
wave lengths below 400 mp. Glucuronic acid 
also e.xhibits a weak band at 4S0-500 mp. 
The absorption curves for alcohol precipi- 
tates from serum, ascitic fluid, and hydrocele 
fluid differ from postulated galactose-mannose- 
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glucosamine curves by showing greater ab- 
sorption in the 400-480 xn/x range. This differ- 
ence diminishes when the polysaccharide is 
partly freed from protein. 

Hemolysis, if marked, introduces a positive 


error in the method. The color produced fay 
the carbohj-drate tryptophane reaction obeys 
the Lambert-Beers law within the limits inves- 
tigated. 
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Oxygen Uptake of Human Placental Tissue as Affected by Selected Sub- 
strates and Drugs." 


Hal P. James, Henry W. Elliott, and Ernest W. Page. 

Frmn the Division of Ohsteirics and Gynecology, and of Pharmacology and pxperimcnial 
Therapeutics, University of California Medical School, San Francisco. 


Very few human tissues other than the 
placenta are readily available for hi vitro 
studies. Despite this fact, little is known 
about the influence of metabolites or of phar- 
macologic agents upon this tissue. An\' 
knowledge that may'’ be gained about the 
behavior of this complex organ, furthermore, 
may assist in understanding some unsolved 
problems of human reproduction. We have 
selected for study the substrates commonly 
used for the in vitro study^ of tissue metabol- 
ism, and those drugs most frequently employ'cd 
in obstetrics. 

Early reports upon the oxygen uptake of 
human placental tissue’"^ gave very" low Qo; 
values, perhaps attributable to their methods. 
Loesser'' studied the oxygen consumption, an- 
aerobic and aerobic glycolysis and in placen- 
tas two months of age found values for Qo; 

No Oo 

of 5.0, Ql' of 7.0 and Qi.'of 5.1. At term, 
these values were 1.4, 3.5, and 0.57, respec- 
tively. Wang and Heilman*’ demonstrated 

* Aided hr graiif.s from tlie Jolm and Mary 
Jtarkle Foundation, New York City, and the 
National Institute of Health, Bcthc.sda, Md. 

1 Reel), W., /. Biol.. 1924, 80, 231. 

e Kustner, 11.. and Siedentopf, H.. Arch. Gynal:., 
1929, 138, 131. 

3, Adler, K., Arch. Gynal;., 1930, 140, 33S. 

Otatsushita, D. T., Mitt. a. d. vied. Al.ad. ra 
Kioto. lOS.l. 13, S72. 

.-•Loc.sser, A., Arch. Gynal:.. 1932, 148, US. and 
148, 123. 

« AYang, II. AV., and Heilman, H. M., Bull. Johns 
Uopl.-ins llosp., 1943, 73, 31. 


changes in placental Qoa with relation to age 
in a manner corresponding well with the his- 
tologic changes in the villi. The Q 02 Avas 
found to decrease from 5.3 at the second 
month to 1.7 at term, and the addition of 
glucose to the medium did not alter this A'alue. 
No reports have been found regarding the 
influence of any other agents upon this tissue. 

Methods. Placentas Avere placed in an ice- 
packed container immediately follmving de- 
liA'ery. The tissue was prepared for respira- 
tion studies in a cold box at S°C.' In choos- 
ing the experimental material necrotic, highly’ 
calcified, or traumatized areas Avere avoided. 
Thick sagittal slices Avere immersed in Ringer’s 
solution and the villi teased free AA'ith dissect- 
ing needles. Samples of A'illi Aveighing from 
200 to 250 mg AA-ere blotted on filter paper, 
AA'eighed, and transferred to Warburg flasks. 
Conventional manometric metho’^ls AA-ere used 
throughout these studies. The medium con- 
sisted of 2.0 ml of Krebs- Ringer-phosphate 
solution (pH 7.3) modified to conform more 
closely' to the composition of interstitial fluid.’’’ 
The substrate A\-as 0.2% glucose unless other- 
AA-ise specified, and the gas phase Avas o.xy’gen. 
The o.xygen consumption is e.xpressed as micro- 
liters of oxy’gen per milligram dry Aveight 
tissue per hour (Qo;). In testing the effect 
of drugs upon oxygen uptake, a control period 
of 80 minutes preceded the e.xperimental 

V Fiilirin.'in, F. A., .nnil Field, J., II, J. Biol, 
riicm.. 1944, 1.T3, 515. 

Elliott, H. AY., AA'nrron.i, A. E.. .-md .I.mics, 

II. P., J. Pharm., 1947, 01, OS. 
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period of 80 minutes, with readings obtained 
at 20-minute intervals. The “normal” Q 02 
for each placenta is the average Qoj of all 
flasks for the first 80 minutes. 

Results. The substrates studied were dex- 
trose, sodium pyruvate, sodium succinate, and 
hydroquinone. The mean Qoo of 29 placentas 
delivered within 2 weeks of the estimated date 
of confinement was found to be 1.92 d: a 
standard deviation of 0.373. The presence of 
dextrose (0.011 M) made no significant differ- 
ence in the rate of oxygen uptake. The Q 02 
could be maintained for 5 hours with a decline 
of only 13%. Similar results were obtained 
with sodium p 3 fruvate (0.045 M). The addi- 
tion of sodium succinate (0.017 M), however, 
gives an initial Q 02 of 3.6, with a decline of 
34% in 2 hours and 66% in 4 hours. Increas- 
ing the succinate concentration to 0.2 M raised 
the initial Qoo to 7.3, with a decline of 23% 
in 2 hours. With hydroquinone in concen- 
trations of 0.045 M, 0.091 M, 0.182 M, and 
0.364 JI, the initial Q 02 values were 16.4, 20.8, 
and 25.4 respectively. In 2 hours, all 4 values 
had fallen 78%. For any substrate studied, 
the figures represent the means of at least 
6 obserx'ations on 3 placentas. While both 
succinate and hydroquinone are oxidizable 
substrates, the maximal Q 02 obtainable with 
the former is limited bj' the concentration of 
enzymes in the succinoxidase system, whereas 
the maximal rate obtainable with hydro- 
quinone (after correction for auto-oxidation) 
is limited only bv' the cytochrome-adochrome 
oxidase sj'stem. 

The drugs selected for study were merperi- 
dine (Demerol), methadon (10820, amidone, 
Dolophine), morphine, Amytal, and scopola- 
mine. Observations were also made on 
diethj’lstilbestrol and dinitrophenol. Their 
effects upon the o.xygen uptake of placental 
tissue are summarized in tabular form. 

It will be noted that merperidine, Amytal, 
and scopolamine have only a depressant action, 
whereas methadon has a stimulating action in 
the lower concentrations. Morphine has no 
influence upon o.xygen uptake. Dinitrophenol 
has the usual marked stimulating eflect, while 
diethylstilbestrol, in aqueous suspension, has 
the same depressant effect noted on homoge- 
nates of liver and pituitarx'’ or upon cellular 


suspensions of rat brain.^® 

Discussion. These studies indicate that the 
behavior of placental tissue in the Warburg 
flask is similar in many respects to other mam- 
malian tissues. Like muscle or kidney, pla- 
cental tissues contain stored substrates, since 
neither glucose nor pj^ruvate increase the Q 02 
above the non-substrate value. In common 
with most tissues, placental Qoo in the presence 
of succinate or hydroquinone is dependent, 
within limits, upon substrate concentration 
and is much higher than that obtained xvith 
such carbohydrate substrates as glucose or 
pyruvate. 

The actions of the drugs tested agree quali- 
tatively with effects reported for brain and 
other tissues. If the mechanism of drug action 
is likewise similar, it may be assumed that 
merperidine and methadon inhibit respiration 
by their action on certain dehydrogenases 
involved in the oxidation of carbohj'drates, 
whereas Amytal exerts its inhibitorj’- action 
at a point between the flavoproteins and cyto- 
chromes. Comparisons of placenta with other 
tissues may be made by reference to the 
remarks in Table I. 

With the exception of .'\mytal, it will be 
noted that the concentrations of drugs em- 
ployed are far in excess of the probable thera- 
peutic concentration. It would not be antici- 
pated, therefore, that the employment of such 
agents in the usual amounts xvould affect the 
total o.xj'gen consumption of the placenta in 
vivo. It should be pointed out, furthermore, 
that the infllience of a drug upon placental 
respiration is not related to the influence 
xvhich that same drug max- hax'e upon the 
respiratorj’ centers of the fetus. Finally, it 
must be recognized that our present state of 
knowledge does not permit us to surmise xx-hat 
effects, if any, a stimulation, xvhether by 
succinate or dinitrophenol administration, or 
a moderate drug depression of o.xx’gen uptake 
xx'ould have upon the multiple functions of 
placental transfer and secretion. 

Su/ittnary. The rate of o.xx-gen consump- 
tion of fresh human chorionic villi was meas- 

oMcSlian, XV. H., nnd Meyer, R. K., Arch. 
Jliorhrm., 1040, O, 103. 

lOGouinn, G. S., and Elliott, II. XV., r.ndocrin 
1047 , 41 , .' 17 . 
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TABLE I. 

Effect of Drugs upon Ox^-gen Eptake of Human Placental Tissue iti vitro. 


Drug 

In vivo 
cone.* 

Inviiro 

cone. 

Maximal effect 
on Qftj (in % 
change from 
control value) 

Comparison with 
other tissues 

Morphine 

2 X 10-c M 

2.5 X 10-4 M 

0 

As found for brain sliccs.S 



5.0 X 10-3 SI 

0 


Merperidine 

1.8 X 10-5 M 

2.5 X 10-4 M 

‘-lO 

Approximatelv 10 times as sensi- 



5 X 10-4 SI 

—27 

tive to merperidine as brain 



1 X 10-3 SI 

—43 

sliccs.S 



7.5 X 10-3 M 

—93 


Methadon 

2 X 10 -c SI 

2.5 X 10-4 M 

-f22 

Post stimulator}- inhibition at low 



5 X10-4M 

-1-38 

concentrations not as marked as 



1 X 10-3 SI 

+12 

with brain sliccs.S Similar to 



2 X 10-3 M 

—93 

diaphragm.il 

Scopolamine 

S X 10 -s M 

2.5 X 10-4 SI 

—11 

Initial inhibition followed bv par- 



5 X 10-3 SI 

—21 

tial recovery after SO minutes.t 



2 X10-2M 

— 56 


Amytal 

5 X 10-3 M 

1 X 10-4 M 

0 

Similar to effects of Amvfal on 



2 X 10-4 SI 

— 9 

brain slices.12 



4.5 X 10-4 M 

—31 




9 X 10-4 M 

—03 




1.8 X 10-3 St 

—97 


Dinitrophenol 

— 

4 xlO-CM 

+50 

Usual effect of dinitrophenol. 

Stilbestrol 


aq. suspension 

— SS 

As found for brain homogenates.i® 



4 mg/vessel 




* Estimated extracellular concentration after therapeutic dose, 
t Eat.a for tissues other than human placenta not available. 


xired by conventional manometric methods. 
The addition of dextrose or pyruvate did not 
influence the Q02 whereas succinate and hy- 
droquinone increased the rate in proportion 
to their concentrations. 

The Q02 of human placental^ tissue is de- 
pressed bj^ merperidine, Amytal, scopolamine 
and diethylstilbestrol and stimulated by dini- 
trophenol. IMorphine had no effect, while 


methadon stimulated respiration in low con- 
centrations and depressed it at higher levels. 
None of the drugs exerted an effect in thera- 
peutic concentrations. 


11 Bachelor, A. L., and Elliott, II. tV., Fed. 
Proc., 1048, 7, 203. 

1- Fuhrrann, P. A., and Field, J., II, Fhcir- 
macol., 1943, 77, 302. 
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Quantitative Distribution of an Esterase Among Cytoplasmic Components 

of Mouse Liver Cells.* 


Akika Omachi, Cyrus P. Barnom, and David Click. 

Department of Physiological Chemistry, Vnivcrsity of Minnesota, Mmneapohs. 


From the 

It was previously demonstrated by Bounce^ 
that nuclei of rat liver cells, isolated by dif- 
ferential centrifugation of cell suspensions 
treated with citric acid, contained a concen- 
tration of esterase which was about 50% of 
that found in the whole tissue; methyl buty- 
rate was used as the substrate. If the ratio 
of nuclear to cell volume is taken to be 6 ‘.100 
for hepatic cells, as approximated by Mar- 
shak, = then the separated nuclei contain only 
around 3% of the esterase activity of the cell. 
It is therefore apparent that a study of the 
cytoplasmic components of the liver cell is 
essential to an understanding of the intra- 
cellular localization of the esterase. The un- 
usually high concentration of esterase in the 
liver lends interest to an investigation of this 
nature since the special accumulation of the 
enzyme in this tissue can hardly be con- 
sidered a merely fortuitous circumstance. 
Just which of the many esterifications and 
de-esterifications known to take place in the 
liver are catalyzed by this enzyme still re- 
mains to be elucidated. The distinct dif- 
ferences in the nature and properties of Iwer 
esterase and lipase have been known for some 
time." 

The quantitation of the activities ob5er\'ed 
in the various separated fractions as related 
to the activity of the whole cell has been 
emphasized in the present investigation since, 
as DaniellP has pointed out, the centrifugal 
segregation of cellular components 'may re- 
sult in an alteration of the enzymatic activities 
as they e.xist in situ through separation of 

* Auled by .a gr.aut from tlic Medical Hcsearcli 
Fund of the Gradii.ate Scbool of tlie Unirersity of 
Miuncsoln, 

1 Doimco. A. L., J. Dial. Chem., 1043, 147, CSS. 

2 ^tarsllal:, .'i.. .1. Gen. Physiol., 1041, 2o, 075. 

a Sobotk.a, II.. and Click, D., J. Dial. Chem., 
1034, lO.",! 100. 

* baniolli, .T. F., A'oftirc, 1040, 157, 755. 


naturally occurring inhibitors, activators, etc. 

Experimental. Livers from 2 or 3 female 
ZAFi strain mice were used in each experi- 
ment. The portal vein was clamped prior 
to the removal of the organ, ether anesthesia 
being used throughout. In the subsequent 
procedures up to the point of the determina- 
tion of enzyme activity, care was taken to 
maintain the tissue as close to 0°C as pos- 
sible. 

The whole livers were put through a tissue 
press and weighed. The material was trans- 
ferred to a mortar and ground thoroughly for 
4 minutes with the slow addition of 4 vol- 
umes of alkalized physiological saline solu- 
tion (2 cc of O.IN NaOH per liter of 0.85% 
NaCl). The diluted tissue sample was fur- 
ther ground in a Potter-Elvehjem homo- 
genizer^ for about 20 seconds. This ground 
tissue preparation was assumed to be a 5 
times dilution of the original tissue sample. 

The differential centrifugation procedure 
employed was essentially that of Claude'’ 
with some modifications and additions and is 
summarized in Fig. 1. The washings in- 
dicated in the figure were carried out with 
volumes of physiological saline solution equal 
to that of the supernate in each case. The 
values of (g) were calculated from the 
center of the centrifuge tube in ever\- in- 
stance. The time for the whole separa- 
tion procedure from the initial removal of 
the liver was approximately 3 -Tiours. 
Esterase activity was determined by a 
manometric method similar to that of'Rona 
and Lasnitzki" in a Warburg apparatus. -0.5 
cc of the enzyme solution was placed in 'the 
sidcarm of the reaction flask and 1.5 'cc of 

i Potter, V. B., and Elrclijem, C. A., J. Dial. 
Chem., 1P3G, 114, 495. 

c Claude. A., J. Frp. Med., 194G, 84,’ 51. 

7 Bonn. P., and Lasnitzki, A., Biochem. Z., 1904, 
152. 504. • : ■ 
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HGUHB I, IHAOTIOHi.TIOII OT LIVER fi VT.T. SU3P3USI0U BT 
BIFFIHXRTIiL CEUHIPUCATIOH 


0 (ground, lirer imponalon)* 
apun 4 nln. , l4O0 £** 

4 ' 

D (auelea^i fraction) + j (suparnate) 



spun 5 nln., 23,000 


L (large granules) 


resuspended and 
spun 30 nln., 2000 £ 


LI 4- vash (discard) 


LS (supernate) 


spun go Bln., 23,000 £ 


V 

H (nierosones) + MS (eupernate) 


Bade 0.05 H with carbonate 'buffer 
at pH 10, spun gO nln., 23,000 £. 


'V 

HIO (“lipoprotein") + HIPS ( “aucleoprotoln*) 

* Ground 4 min. in mortar ivith 4 volumes of .alkalized physiological saline solution, then 
ground for 20 seconds in Potter-Elvelijem homogenizer. 

** Servall angle centrifuge operated in refrigerator. 

*** Multi-speed attachment to Intern.ational eentrifuge operated in cold room at — 15”C. 


bicarbonate-Ringer solution was introduced 
into the main chamber of the vessel. 0.022 
cc of methyl butyrate was pipetted into the 
main chamber; the final concentration of 1% 
of the substrate in the complete reaction mix- 
ture thus obtained gives the optimum rate of 
hydrolysis without excess-substrate inhibition. 
The control vessel contained 0.5 cc of bi- 
carbonate-Ringer solution in the sidearm in 
place of the enzyme solution. A 5% CO:, 
95% N: gas mixture was passed through the 
system before the contents were mi.xed. 


Nitrogen determinations were conducted b}' 
the Pregl micro-Kjeldahl method. 

Results. The results are shown in Tables 
I and II. The unit of enzyme activity was 
chosen as the amount of ensyme which liber- 
ates 1 pi of CO: per hour at pH 7.4, 37.5°C 
and at the optimum substrate concentration. 
In the initial separation of the D and E frac- 
tions the cytoplasm was shown to contain 
most of the esterase of the cell. The N con- 
tent is about 2.5 times, the enzyme activity 
per g of wet liver tissue is almost 5 times. 



TABLE I. 

Estoniflo Distribution Among Fractions of Mouso Liver Cell. 
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and the enzyme activity per /ig N is around 
2 times as great in the E fraction as in the 
D2. From the study of the N and enzyme 
distribution among the particulate fractions 
of the cytoplasm, Table I, it is clear that, 
although the greatest part of the N was con- 
fined to the supernate, MS, from the micro- 
some separation, the largest portion of the 
enz3'me was contained in the microsome 
fraction, INI. 

It has been shown that the separation of 
the M fraction into “lipoprotein” (MlO) 
and “nucleoprotein” (MIOS) fractions can 
be effected b}' treatment with a carbonate 
buffer at pH 10.® The separation of the M 
into MlO and MIOS fractions resulted in an 
equal distribution of N, however, the enzj^me 
was concentrated in the JMIO portion. These 
results were confirmed in duplicate experi- 
ments. 

Examination of the data reveals that the 
separation of the various particulate frac- 
tions does not result in a noticeable loss of 
enzj’me activity. This is shoira b}' totaling 
the N values and enzyme activities found in 
the various sub-fractions and comparing the 
sums with the theoreticall}' e.xpected values. 
For e.xample, the sum of the N values found 
in the LI, M and MS fractions should ap- 
proximate the observed E value. These 
comparisons are summarized in Table 11. 
The fact that the summation of enzyme 
activities approximated the theoretical values 
indicates that naturally occurring activators 
or inhibitors of the esterase in the mouse liver 
cell, if present, were not separated from the 
enzyme by the fractionation procedures. 

It is possible that the presence of consider- 
able activity in the LI fraction and some 
activity in the D2 fraction ma)^ be derived 
from contamination of these fractions with 
rnicrosomcs. Electron microscopic exnmins* 
tions of the LI fraction in other comparable 

S B.irnum. C. P., and Huseby, B. A., unpublished 


e.\-periments appear to lend weight to this 
possibilitjL The presence of some intact cells 
is another possible source of the activity in 
the D2 fraction. The esterase activitj' found 
in our nuclear fraction (D2) therefore can- 
not be compared with Bounce’s^ values for 
isolated hepatic nuclei. 

The isolation of pure nuclei with 1% 
citric acid, essentially the method of Jlar- 
shak,- was carried out in one experiment, but 
the enzyme activitj' found was negligible. 
The esterase concentration in serum was also 
determined and was found to be less than 
1% of that in the liver tissue. Hence no 
appreciable activity could be ascribed to con- 
tamination with serum. 

Stmwtary. The esterase in the cytoplasm 
of mouse liver cells was found to be localized 
predominantly in the microsome fraction 
which contained an average of ^1% of the 
enzj’me in the whole tissue and 63% of that 
in the entire cytoplasm. Other cell fractions, 
the nuclear material, the large cytoplasmic 
granules, and the supernate from the micro- 
some separation contained an average of 17%, 
17%, and 14%, respectively, of the enzj'me 
in the whole tissue. Enzj-me activitj’ per 
ftg of N was greatest in the microsomes 
which contained a concentration that was 
4.2 times that of the whole tissue. In the 
other particulate fractions, the nuclear 
material, the large cytoplasmic granules, and 
the supernate from the microsome separation, 
the enzj’me concentration was found to be 
0.6, 1.6, and 0.3 times, respectively, that of 
the whole tissue. The “lipoprotein” fraction 
of the microsomes displayed about 3 times 
the enzj’me concentration found in the “nu- 
cleoprotein” fraction. Summation of the 
enzj'me content of the substituent fractions 
indicated no appreciable loss during the 
separation procedures. 

We are indebted to Dr. J. J. Bittner for 
the mice used in these e.xperiments. 
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Lipids of the Fasting Mouse. IV. Liver Total Lipid Content. 

Harold C. Hodge, P. L. IMacLachlan, W. R. Bloor, Eileen Welch, S. L. 
Kornberg, and M. Falkenheim. 

From ilie Departments of Biochemistry and Pharmacology, Vniversity of Bochestcr, School of 
medicine and Dentistry, Eochester, y.Y. 


The inter-relation of liver and muscle in 
the complex mechanisms of fat utilization 
have often been considered; the fasting 
mouse has proved to be a valuable object 
of study in this connection.^" Despite the 
rapid mobilization of available carcass fat and 
its prompt metabolism in the first days of 
fasting, the liver weight decreases in a regular 
fashion so that approximately half its initial 
weight is lost during a four day fast. The 
liver total lipid in this period exhibits a strik- 
ing fatty accumulation followed b 3 ' a reduc- 
tion to below normal values. 

In earlier studies, considerable variation 
had been observed in • mortality, in liver 
weight loss and in accumulation of total 
lipid in the liver. Thus, a mortality of 66% 
was reached in 4 fasting daj's when the room 
temperature was occasionally permitted to 
fall even from 25° to 20° C, whereas only 
22% mortality had occurred by the same day 
when the room temperature was held at 25° 
C. In the case of liver weight, the losses had 
been sufficiently irregular so that no simple 
tendency could be described, .^s to the liver 
total lipid, in one study the amount present 
had approximately doubled after 1 day of 
fasting but thereafter decreased to less than 
normal amounts; however, with more careful 
room temperature control and longer sur- 
vival, the liver total lipid content had re- 
mained elevated on both the second and third 
fasting days. Finally, it was desired to ex- 
tend the period of observation from 4 to 5 
fasting days. With these several problems 
in mind, the following experiment was under- 
taken. 

1 Hodge, H. C., MacLacldan, P. L,, Bloor, W. It., 
.Sfoiieburg, C. S., Olcson. 31. C., and Whitehead, It., 
.7. IJinl. Chrm., IPtl, IKO, S97. 

- MaeLachlan, I’. I.., Hodge, IT. C.. Bloor, W. It., 
Welch, K. Truax, F. B.. and Taylor, .T. I)., 
J. Biol. ClKin., 14n, 473. 


Experimental. The fasting procedure in 
general was as described before.^ Three 
months old, male, albino mice previously 
maintained on a diet of oats and Purina dog 
chow were fasted in individual cages. Water 
was supplied ad lib. and the room temperature 
was kept at 25 °C. The mice were lightly 
anesthetized with ether and sacrificed by 
bleeding from the axillary arterjL® The livers 
were removed quickly and analyzed by 
standard procedures for total lipid.^ 

Mortality. No mice died during the first 
2 fasting days; thereafter the mortality rapid- 
ly increased to about S0% on the fifth fast- 
ing day (see Table I). The temperature was 
maintained at 25 °C in the animal room; at 
this temperature, the results reflected a mor- 
tality rate similar to that previously seen. 
A lower room temperature is known to be less 
favorable to survival. 

Body IV eight Loss. The average initial 
body weight varied from 20 to 22 g; the 
extreme variation among individual mice 
was 19 to 24 g. The body weight when re- 
corded at the time of sacrifice was calculated 
as the sum of the carcass weight, the liver 
weight, and the weight of the blood sample. 
An almost linear decrease in body weight 
was obsen-ed with fasting. The average 
percentage body' weight losses for the 2 pre- 
ceding series^'- and for the current e.xperi- 
menls were almost identical. The average 
mouse lost about a third of its original weight 


TABLF. I. 

Percentage Mortality: The Belation to Boom 
Temperature Control. 


Room temperature 

Bavs o£ fasting 


'0 

1 2 3 4 5 


20-2.'> 

0 13 39 CG — 

(1) 

2.5 

0 0 0 22 — 

(2) 

25 

0 0 10 o5 oO 

(current) 


3 Kuhn, L. B., Science, 1041, VS, 504. 

■4 Bloor, W. It., J. Biol. Chem., 102S, 77, 53. 
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Fig. 1. 

Logaritlim (base 10) of moist liver iveiglit in g 
plotted against tlie days fasted. The linear ten- 
dency is evident. 

by the fifth day. The calculated equation 
for the average percentage body weight loss 
based on nearly 300 fasting mice is as fol- 
lows: fo weight loss = 1.10 + 7.48 X days 
fasted. 

Liver Weight Loss. A logarithmic decrease 
in liver weight was found (Fig. 1); the liver 
weight dropped from about 5.5% of the body 


weight in the normal mouse to 2.9% of the 
initial body weight in the mouse fasted 5 
days. This corresponds to a loss of about 
52% of the initial liver weight. The fact 
that the liver loses weight more rapidly than 
the carcass has been repeatedly observed 
(Table II). 

Liver Total Lipid. The milligrams of total 
lipid for whole liver increased 2- or 3-fold 
during the first 2 fasting da 3 'S (Table III); 
thereafter, it dropped to an amount signifi- 
cantly less than normall 3 ’^ present. E.xpressed 
as percentage of moist liver weight the total 
lipid values are as follows: normal — 7%, 
fasted one day — 12%, two da 3 's — 17%, three 
days — 7%, four and five days — 6%. One 
mouse after one day’s fast had 17% fat in 
its liver; 2 mice on the second fasting day 
had 28 and 29%, respectiveh', of liver fat. 
The increase in liver total lipid has been 
shown to be due to an increase in the neutral 
fat fraction and to occur despite a decrease 
in the phospholipid content. It can be 
reasonably assumed that the fat which ap- 
peared in the fasting liver had its origin in 
a mobilization of depot fat. 

Summary. Young adult male albino mice 


TABLE II. 

Bata on Body and Liver TVeiglits of the Normal and F.asting Mice. 



No. mice 

Body meiglit 

r ' 

Initial Carcass 

Liver veight 

< 

Mean (g) 

S.B. ' 

f 

Mean (g) 

S.B.’ 

Mean (g) 

S.B.' 

Normal 

15 

20 

1.3 

18.7 

1.5 

1.0.99 

0.10 

Fasted 1 day 

18 

21 

1.2 

— 

— 

0.920 

O.OS 

” 2 ” 

15 

21 

0.8 



— 

0.830 

0.21 

” 3 ” 

15 

20 

0.8 

14.0 

1.3 

0.SG5 

0.20 

ij 4 M 

22 

22 

0.9 

15.0 

1.3 

0.090 

0.10 

I) 5 >> 

11 

20 

1.0 

12 2 

1.0 

U.078 

0.08 


TABLE III. 

Combined Summary Bata on Liver Sloist Weight and Total Lipid of Normal and Fasting atico. 

Liver moist weiglit* Liver total lipidt 


Condition 


No. Avg, g 


S.D. 


Normal *>5 

Fasted 1 day 58 

)> 2 ” 55 

>j 3 ” 55 

• ) I 4 > > 02 

5 ” 11 


1.24 0.2C 

l.OC 0.15 

0.S5 0.18 

0.T9 O.ir 

0.71 0.13 

0.5S O.OS 


ref crenl^TTinide plus current data, 
i Bata from reference 2 pins cnrrent dat.i. 


r ■ 


S.B.' 

No. 

Avg, mg 

34 

70 

17 

37 

108 

30 

35 

123 

50 

34 

51 

24 

39 

32 

10 

10 

38 

5 
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lose about one-third of the initial body weight 
during a 5 day fast. The liver weight de- 
creases logarithmically. In the first 2 days 
of fasting a marked increase was observed 


in total liver lipid of young, male mice. 
Thereafter a decrease to less than normal 
values followed on the third to fifth fasting 
days. 
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Studies on Q Fever: Complement-Fixing Antibodies in Meat Packers 

at Fort Worth, Texas."* 

Eeias Strauss and S. Edward Suekin. 

From Vie Department of Bacteriology and Immunology and the Department of Medicine, 
Souihvjestem Medical College, Dallas, Texas. 


Previous studies*’- have suggested that risk 
of infection with Q fever is greater among 
stockyard and packinghouse workers than 
among the general population. The recovery 
of Rickettsia burneti from ticks in Liberty 
County, Texas,® and the more recent demon- 
stration of the same organism as the causative 
agent of a natural outbreak of Q fever among 
stock handlers and slaughterhouse workers 
at Amarillo, Te.xas,^ stimulated interest in 
the possibility of unrecognized human infec- 
tions in this area. Accordingly, a serologic 
survey was undertaken to determine the fre- 
quency of complement-fixing antibodies to R. 
burneti in a group of packing plant employees 
at Fort Worth, Texas. 

* Tlicse studies are being aided by grants from 
the liCderle Laboratories Division, American 
Cyanamid Company, Pearl River, N.T., and the 
Rose Lamport Graff Foundation, Los Angeles, 
Calif. 

1 a.Dcrrick, E. H., Med. J. AustraKo, 1037, 2, 
£S1 ; b. Freeman, M., Derrick, E. H., Brown, H. E., 
Smith, D. 3. W., and Johnson, D. W., Justralian 
J. Exp. Biol, and .Med. Sc., 1040, 18, 193 ; c. Der- 
rick, E. n., J. Byg., 1944, 43, 357. 

- Shepard, C. C., Am. J. Byg., 1947, 40, 1S5. 

s Parker, R. R., and Kohls, G. M., Pab. Health 
Bcp., 1943, o8, 1510. 

* a. Topping, N. II,, Shepard, C. G., and Irons, 
J. V., J. A. If. 1947, ISS, S13; b. Irons, J. V., 
and Hooper, ,T. M., J. A. M. A., 1947, 133, S15; 
c. Irons, J. V., Murphy, .T. X., and Wolfe, D. M., 
J. A. M. A., 1947, 13.3, S19; d. Cox, H. R., Tesar, 
W. C., and Irons, .1. V., J. A. If. A., 1947, 133, 820. 


Serum specimens were obtained from the 
laboratory of the Fort Worth Health De- 
partment. The blood samples were collected 
during Jlay and June, 1947, for the perform- 
ance of routine serological tests for' syphilis, 
from employees of meat packing plants. The 
sera used in this study were obtained only 
from workers who handled meat or meat 
products in raw or prepared states. Of the 
1,433 specimens examined, approximately 54 
were secured from employees of one large 
packing house, the remainder being obtained 
from workers at a number of smaller estab- 
lishments. the routine tests for si^ihilis 

were completed, the sera were transported to 
this laboratory and stored in the deep freeze 
cabinet until tested for antibodies against 
R. burneti. 

The Q fever antigenf was prepared from 
yolk sacs of embryonated eggs infected with 
a strain of R. burneti (American Nine lililej 
isolated in Montana in 1935.® The antigen 
consisted of a washed rickettsial suspension 
prepared by a combination of ether extrac- 
tions to remove the fats and repeated centri- 
fugation cj-cles to free the rickettsial bodies 
from e.vtraneous proteins and fats. All tests 

t The .nuthors are indebted to Dr. Herald R. Cox 
Virus and Rickcttsi.al Section, Lederle Labora- 
tories Division, American Cyanamid Company, for 
generously supplying the yolk sae antigen Qot Xo. 
Q 9M-5-16) used in Utese studies. 

5 Davis, G. E., and Cox, H. R., Puh. Health 
Bep., 193S, 53, 2259. 
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ivere performed with a single lot of antigen. 
Complement-fixation , tests were carried out 
according to the method described by 
Bengtson.® The antigen was diluted 1:32 
(2 units). Complement was titrated in the 
presence of antigen; 2 units of complement 
were used in the tests. 

Serial 2-fold dilutions of inactivated sera 
were made, using a single pipette for each 
serum specimen. The hemolytic system con- 
sisted of equal volumes of 2% sheep erythro- 
cytes and amboceptor made up to 2 units. 
In performing the tests, 0.2 cc of diluted 
antigen, serum, and complement were added 
to each tube, mixed thoroughly, and stored 
at ice-box temperature for 18 hours. Sensi- 
tized sheep er 3 dhroc\’'tes (0.4 cc) were then 
added, and the tubes held at 37 °C in a 
water bath for one hour or until control tubes 
showed complete hemolysis. Appropriate 
serum and antigen controls, as well as known 
positive and negative human and guinea pig 
sera, wnre included in each series of tests. 
The end point was read as the highest serum 
dilution showing at least 3+ fixation. 

All sera w’ere examined in a “screen” test 
using 2 dilutions of serum: 1:8 and 1:16. 
Sera having titers of 1:16 in the “screen” 
test were retested in 2 -fold serial dilutions 
from 1:8 to 1:512 or greater. 

Complement-fixing antibody titers against 
the R. biiniefi antigen are recorded in the 
accompanjdng table. Of the 1,433 specimens 
examined, 81 w'ere anti-complementary and 


TABLE I. 

Complement-Pi.\'ation Titers Ag.iinst Jl. hvrncU in 
Sera from Meat Packers at Port tVortli, Texas. 


Titer* 

No. of serum 
si>cciinoiis 

% 

Total % 
positive 

AG 

SI 

5.7 


<8 

123S 

So.'i 


8 

34 

2.4 


16 

48 

3.3 


32 

15 

1.1 

S.O 

04 or > 

17 

1.2 


Total 

1433 

99.5 



* Highest serum dilution yielding 3-f or greater 

fixation. , . 

AC Serum .antieomplemcntary. 


OBcngtson, I. A., Paoc. Soc. Exp. Bion act 
Med., 1941, 46, CCS. 


1,238 showed less than 3-}- fixation in a serum 
dilution of 1:8. One hundred and fourteen 
of the sera (8.0%) showed titers of S or 
greater, w’hile 80 (5.6%) had a titer of 16 or 
more and 32 (2.3%), 32 or more. Seventeen 
serum specimens (1.2%) showed titers of 64 
or more; among these, 10 had a complement- 
fixing antibody titer of 64, 2 a titer of 128, 
3 a titer of 256, and 2 a titer of 512. 

The individuals with antibodies for Q 
fever worked in various departments of the 
plants and there was no clear evidence that 
the positive reactors were engaged in any 
particular job. Some suggestive evidence was 
found that the higher titers occurred in in- 
dividuals dealing with cattle rather than in 
those engaged in work with hogs and sheep. 
Epidemiological significance cannot be at- 
tached to these findings since the total num- 
ber of individuals emploj'ed or tested in each 
department at the time of the study is un- 
knowm. 

Among all the specimens examined, sero- 
logical tests for syphilist (Kahn, Kolmer) 
were positive in 39 instances (2.7%) and 
doubtful in 19 (1.3%). .Among the 114 seta 
showing complement-fixing antibod.v titers of 
8 or more against R. bunicti, 4 (3.5%) had 
positive serological tests for syphilis and 2 
(1.8%) had doubtful tests. The comple- 
ment-fixation titers for R. bunicti among 
these 6 individuals with positive or doubtful 
serological tests for syphilis were 8 in 2 in- 
stances, 16 in 3, and 512 in 1. The findings 
suggest onlj" a coincidental relationship be- 
tween serum reactivitj’’ with antigens for s\'ph- 
ilis and Q fever. 

Discussion. Considerable evidence exists 
to indicate that the complement-fixation test 
with \mlk-sac antigens of R. bunicti is re- 
liable and specific for the serologic diagnosis 
of Q fever. In proved infections in which 
R. bunicti was recovered from the blood 
stream, a rise in titer of complement-fi.xing 
antibodies has been demonstrated during 
convalescence.''-'^ Serological cross-reactions 
with other rickettsial diseases do not oc- 
cur;*-^-' but it should be noted that there is 

} Tliese tests iTcrc performed by Mrs. Editli 
Mazurek in tlic I.-iborafory of the Fort 'Worth 
Health Dep.nrtment. 
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little available information with regard to 
possible cross-reactions with other non-rick- 
ettsial diseases, with the exception of primary 
atypical pneumonia."-® However, agglutina- 
tion tests with R. burneti have been negative 
in a variety of other diseases.® 

It is not yet certain whether non-specific 
complement-fixation may occur w'ith egg yolk 
sac antigens of R. biirntii. In this laboratory 
a number of sera which reacted with the egg 
yolk sac antigen of R. burneti were also 
tested with an antigen prepared from un- 
inoculated normal egg yolk sacs, but in no 
instance was complement fixation accom- 
plished. Non-specific complement-fixation 
with syphilitic sera has been reported with 
a variety of other egg yolk sac antigens.*®-*^ 
Further studies with regard to these problems 
are in progress in this laboratory. 

The significance that can be attached to the 
results of a complement-fixation test for Q 
fever on a single serum sample is uncertain, 
particularly when the serum titer is low (8 or 
16) and when a clinical history of illness is 
unavailable. Early in convalescence con- 
siderably higher titers are to be e.vpected®-'*'” 
but at longer intervals after infection lower 
titers might be anticipated. Elsewhere, how- 
ever, it has been demonstrated that elevated 
serum antibody titers may persist for V/z 
years after natural infection with Q fever.*® 
Illness due to Q fever may vary in severity 

~ a. Robbins, F. C., .ind Hap.in, C. A., Am. J. 
Jlyg., lt>40, 44, G; b. Robbins, F. C., Gould, R. li,, 
and Warner, F. E., Am. J. Hyg., 104G, 44, 23; c. 
Robbins, P. C., Rustigian, R., Snyder, M. J., and 
SnmiM, J. E., Am. J. Bgg., 1940, 44, 51; d. Bob- 
bins, F. C., and Rustigian, R., Am. J. Uyg., 194G, 
44, 04. 

SDycr, If. E., Am. /. Jlyg., 1044, 39, SOS. 

0 Commission on Acute Respiratory Diseases, 
Am. J. Jlyg., 1044, 44, 110. 

m Wertman, K., J. Lah. niuj C!in. Med., 1945, 
30, 112. 

iiV.an der Sciiocr, J., Bobncl, E., and Cos, 
H. R., J. Jmmnnof., 1947, 50, 305. 

12 Snikin, S. E., and Strauss, E., Pr.oc. Soc. 
Kse. Rion. Meh., 194S, 07, 142. 


from a trivial attack of “grippe"*® to fatal 
pneumonia,'* and subclinical infection may re- 
sult in elevated antibody titers.®-* It is ap- 
parent, therefore, that a history of illness 
may have little value in the interpretation 
of antibody titers obtained by serological sur- 
vey. In the present study, the plant physi- 
cians were unaware of any unusual preva- 
lence of undiagnosed febrile illness. 

The results of the studies herein reported 
are believed to indicate the existence of un- 
recognized exposure to R. burneti. Similar 
data have not been reported in this country 
from other geographic areas or in other oc- 
cupational groups. At present no conclusion 
can be drawn as to whether this frequency 
of occurrence of antibodies for Q fever is 
unusual. The occupation of these individuals 
may be immaterial and it is possible that a 
similar prevalence of antibodies for Q fever 
may be found in other occupational groups 
or in the general population in this area or 
elseivhere. Studies designed to elucidate 
some of these problems are in progress. Re- 
cent studies have indicated the occurrence of 
Q fever among persons e.vposed to dairy cattle 
in the Los Angeles area. R. burneti has also 
been isolated from the milk of such cattle.** 

Summary. Complement-fixation tests em- 
ploying an egg-yolk sac antigen of R. burneti 
(American Nine I^Iile strain) were performed 
on sera from 1,433 packinghouse workers at 
Fort Worth, Texas. Evidences of previous 
infection with R. burneti were obtained. 
Antibody titers of 8 or more were found in 
8.0%, 16 or more in 5.6%, 32 or more in 
2.2%, and 64 or more in 1.2%. 

The authors are indebted to Dr. Harold M. 
■WnUams and Mrs. Edith M.-izurek of the Fort 
IVortli Health Department for their kind coopera- 
tion. The coinplcmcnt fixation tests were per- 
formed by Elizabeth L. IVatson. 


13 Commission on Acute Respiratory Diseases, 
Am. ,1. Uyg., 1940, 44, 123. 

HHuebner, R. J., r( at., Puhfic JlcaWi T.cp., 
194S, 03, 214. 
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Naturally Acquired Infection.* 


S. Edward Sulkin and Elias Strauss. 

From the Department of Dacteriology and Imnninology and the Department of itcdicinc, 
Soutlnoestem Medical College, Dallas, Texas. 


Most of the information available with re- 
gard to the persistence of complement-fixing, 
agglutinating, or neutralizing antibodies in 
Q fever has come from the study of infections 
acquired accidentally by laboratory workers. 
Bengtson^ demonstrated the persistence of 
complement-fixing antibodies in the sera of 
2 laboratory workers 10 months after infec- 
tion with Q fever. Huebner- reported that 
14 individuals infected with Q fever in 1940 
at the laboratory of the National Institute of 
Health escaped infection in the 1945-1946 
outbreak. However, some of these individuals 
presumably were exposed to the agent in the 
laboratory at various times between the 1940 
and 1946 outbreaks, and in addition, some of 
them may have been immunized with a vac- 
cine which, it is believed, had some pro- 
tective effect against R. burneti. In the Q 
fever outbreak in the Respiratory Diseases 
Commission laboratory, ^ rickettsial agglu- 
tinin titers tended to decline after 2 months 
but in some cases were detectable 3 to 4 
months after infection. 


Little information is available concerning 
persistence of antibodies following Q fever 
acquired under natural conditions. Austra- 
lian workers^ demonstrated rickettsial agglu- 
tinins in the sera of 2 individuals 17 months 
after naturally acquired Q fever; complement- 
fixation tests were not performed. 

An outbreak of Q fever acquired under 
natural conditions at Amarillo, Te,\'as, in 


* These studies are being aided by gnants from 
the Lederie Laboratories Division, American 
Cyanamid Company, Pearl Diver, N.T., and the 
Rose Lamport Gr.aff Foundation, Los Angeles, 
California. 

1 Bengtson, 1. A., Pkoc. Soc. Exp. Biol, act 
Med., 1941, 40, CCS. 

2 Huebner, E. J., Am. J. Ful>. Health, 194/, 
37, 431. 


March, 1946,® presented an opportunity to 
obtain data on the persistence of comple- 
ment-fixing antibodies against R. burneti. It 
was felt that such data would be of value in 
the interpretation of the results of serological 
sun'eys for Q fever.® 

The technique of the complement-fixation 
test, employing as antigenf yolk sacs of em- 
bryonated eggs infected with R. burneti 
(American Nine Mile), is described else- 
where.® The end point of the test was read 
as the highest serum dilution showing at least 
3-}- fixation. 

Post-convalescent blood specimens were 
obtained from a group of 17 persons who 
were ill with Q fever in March, 1946. The 
diagnoses were established on the basis of 
clinical illness compatible with Q fever, iso- 
lation of R. burneti from the blood of several 
patients, and a rise in titer during con- 
valescence of complement-fixing or neutral- 
izing antibodies for R. burneti.^ The blood 
samples obtained 5 to 7 weeks after onset of 
illness were tested in the laboratories of Dr. 
Herald R. Cox of Lederie Laboratories Divi- 

3 Commission on Acute Despiratory Diseases, 
Am. J. Hyg., 194C, 44, 123. 

■> Freeman, M., Derrick, E, H., Broivn, H. E., 
Smitli, D. J. tv., and Jolmson, D. W., Australian 
J. Fxp. Biol, and Med. Sc., 1940, 18, 193. 

5 Strauss, E., and Sulkin, S. E., Piioc. Soc. Exp. 
Biol, axd JIed., 1948, <17, 139. 

Da. Topping, N. IL, Slicpard, C. C., and Irons, 

J. V., J. A. M. A., 1947, 133, S13 ; b. Irons, J. V., 
and Hooper, John M., J. A. M. A., 1947, 133, 813; 
c. Irons, J. V., Murpliy, J. H., and Wolfe, D. M., 

.7. A. M. A., 1947, 1.33, 819; d. Co.v, H. D., Tesar, 

AV. C., and Irons, J. V., J. A. M. A., 1947, 13.3, S20. 

i The authors are indebted to Dr. Herald B. 
Cox, Virus and Bicketfsial Section, Lederie Labora- 
tories Division, American Cyanamid Company, for 
generously supplying the yolk sac antigen (lot No. 

Q 9ir-5-lG) used in these studies. 
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TABLE I. _ 

Persistence of Complement-Fixing Antibodies 
Against S. lurneti Antigen in Subjects 111 irith 
yatnrallr-Acqnired Q FcTet. 


Subject 

Titer at indicated time after illness 

r 

u-7 ^vks 

0 mo.* 

17 mo. 

1 

1024 

>32 

04 

O 

256 

>32 

64 

3 

128 

16 

32 

4 

04 

— 

10 

5 


— 

128 

Q 

-i- 

— 

16 


-i- 

— 

1024 

s 

64 

32 

— 

9 

250 

32 

— 

10 

2oG 

>32 

— 

11 

25G 

>32 

— 

12 

12S 

>32 

— 

13 

512 

< Si 

— 

14 

128 

>32 

— 

13 


>32 

— 

16 


32 

— 

17 

4" 

S 

— 


Titer recorded as Ivigbcst serum dilution yielding 
S-f- or greater fixation, 

* yot tested in dilution greater than 1:32, 

+ Positive C.-F. test; titer unknorvn. 
t 8 vras lowest serum dilution measured. 

— yot tested. 

sion, American Cyanamid Company, and Dr. 
J. V. Irons, Texas State Health Department. 
Elevated titers of complement-fi.xing anti- 
bodies were present for 17 months after in- 
fection, as shown in the accompanying table. 
In all but 3 subjects tested 6 months after 
illness, titers of 32 or greater were obtained; 
in only' one subject did the titer fall below 8. 
Likewise, 17 months after infection, titers 
of 32 or more were obtained in the senim 
of 5 of the 7 individuals tested. 

.All of the complement-fixation tests were 
performed with antigens of the same strain 
of R. bunicti prepared from the infected I’olk 
sacs oi embryonated eggs. However, different 
lots of antigen were used for the tests on the 
early (5-7 weeks) convalescent specimens and 
the late or post-convalescent specimens (6 and 
17 months). It is recognized that exact com- 
parison cannot be made of titers obtained in 
different laboratories or even in the same 
laboratory' at different times. Xevertheless, 
experience has indicated that the general 
trend of the tilers has comparative signifi- 
cance. 

Discussion. The demonstration that high 


titers of complement-fixing antibodies may 
persist for lyi years after naturally acquired 
Q fever is important in both clinical and epi- 
demiological studies of this disease. The 
clinical diagnosis of Q fever is difficult, 
particularly' in sporadic cases. Diagnosis 
depends largely' on the isolation of the rick- 
ettsia or on the results of serological studies. 
Because antibodies may' persist for long per- 
iods the results of serological studies made 
during convalescence from a presumed attack 
of Q fever may' be misinterpreted. As with 
other serological tests, the demonstration of 
a rise in antibody' titer in convalescent phase 
as compared with acute phase blood speci- 
mens is of greater diagnostic value than a 
high titer present in a single specimen ob- 
tained during convalescence. 

Little is known of the natural mode of 
infection with Q fever in this country'. It is, 
therefore, conceivable that the persistence of 
elevated titers of antibodies in the subjects 
tested may be the result of continued con- 
tact with the rickettsial agent, subsequent 
to the initial illness. The unusual high titer 
in case No. 7, referred to in the table, sug- 
gests some such mechanism. 

To determine whether or not Q fever may 
be endemic in the Amarillo area, 175 blood 
specimens from presumably normal in- 
dividuals were tested for complement-fixing 
antibodies. These blood samples were col- 
ieefed for routine serological tests for syph- 
ilis and were obtained from the Amarillo City' 
Health Department laboratory'. Appro.xi- 
mateh' S% of these specimens showed com- 
plement-fi.xing antibodies against R. burnclt. 
Only' 2 individuals, however, bad high Uters 
(1:64 or more) and it was subsequently 
determined that both of these indi«duals had 
had Q fever during the epidemic. Clinical 
histories of previous illness were not avail- 
able from other subjects who e.\hibited posi- 
tive complement-fixation in low liters, and 
it is not possible, therefore, to assess the 
significance of these reactions. 

Summary. Complement-fixation tests using 
an antigen of R. burncti (American Nine 
:Mile) were performed on sera from a group 
of persons known to have had Q fever in 
1946 in .Amarillo, Te.xas. High titers of com- 
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plement-fixing antibodies were demonstrated 
17 months after illness. 

Tlie authors are indebted to Dr. John M. Hooper 


and Air. J.ack 'Wyatt of the Amarillo City Health 
Department for their kind cooperation. The com- 
plement-fixation tests were performed by Eliza- 
beth Lee "Watson. 
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Effect of Digitoxin On Creatinine and Histamine Output of the Isolated 

Heart.* 


A. SjOERDSMA, E. KuN, F. W. SCHUEtER,! AND J. E. DOVaELE.I 
(Introduced by E. M. K. Ceiling.) 

From the Department of Pharmacology, University of Chicago. 


In the course of some experiments on the 
isolated hearts of rabbits, cats and rats which 
were perfused with digitoxin to measure the 
amounts of fixation of the drug, some unex- 
pected observations were made. In using the 
modified Baljet reaction^'-’* to determine the 
digito.xin colorimetrically, it was found that 
the intensity of the color in the perfusate was 
increased over that produced by the digitoxin 
in the perfusion fluid. This suggested the 
possibility that creatinine, which also gives 
the Baljet reaction, might be present in the 
perfusate. This was found to be the case. 
It was also observed that the perfusate con- 
tained a substance which caused a drop in the 
blood pressure of an anesthetized cat and a 
contraction of the isolated guinea pig in- 
testine suspended in atropinized Tyrode solu- 
tion. This led to the supposition that the 
perfusate contained histamine. Various in- 
vestigators have found that the contracting 


* This work was supported by grants from the 
Life Insurance Medical Eesearclj Eund and the 
OfBee of Naval Sesearch NGori-20, Task Order 
No. 11. The digitoxin used in this experiment was 
kindly supplied by Dr. K. K. Chou of the Lilly 
Ecsearch Laboratories, Indianapolis, Ind. 


t Hoffman La Bocho Fellow, 
t Guggenheim Fello^v. 

1 Bell, J. C., and Krantz, F. K., J. Pharm. and 
Exp. Thcrap., 19i5, 83, 213. 

2 Krantz, F. K., and Bell, J. C., Fed. Froc., 1947, 


’sElmquist, A., and Liljestrand, A., Acta Physiol 

Scandinav., 1946, 13, 53. _ 

4Kisa, E. A., J- Foy. Egyptian If. A., 19ii, 

SO, ISO. 


heart muscle produces histamine how- 
ever, this observation could not be confirmed 
by other workers.'^ Since the creatinine and 
histamine output of the heart muscle might 
be related to its physiological activit\’, it 
seemed worth while to perform e.xperiments 
in which the release of these substances could 
be correlated with the action of cardiac gly- 
cosides. 

Experimental. The effect of digitoxin in 
a final concentration of 1:40,000 was studied 
on isolated rat, cat, and rabbit heart prepa- 
rations. The animals were sacrificed hy a 
blow on the head, and the heart was im- 
mediately removed and washed in o.xygenated 
Ringer-Locke solution. The hearts were per- 
fused through the coronary arteries by means 
of a cannula inserted into the aorta. The 
temperature of the perfusion fluid was kept 
at 36-39°C. Samples of perfusate were col- 
lected at intervals before and after the intro- 
duction of digito.xin into the S3'Stem. Digi- 
toxin was dissolved in 95% alcohol. Five ml 
of this solution contained 25 mg which di- 
luted to 1000 ml gives a final concentration 
of 1:40,000. Control measurements showed 
that this amount of alcohol did not affect the 
motility of the heart and did not influence 
the creatinine and histamine output. The 
volume of fluid perfused per unit of tissue 
was not affected by digito.xin. In the case 

5 Marcn, I., C. P. Soc. dc Biol, 1939, 130, 573. 
CAnrep, G. V., B.Tr.soiini, G. S., anti Tala.it, M., 

J. Physiol, 1936, SO, 431. 

" Code, C. E., Ev.nns, C. L., tind Gregory, E. A., 

J. Physiol, loss, 02, 344. 
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TABLE L 

Creatinine Excretion of Isolated Hearts. 


Animal 


Samples 

(Creatinine gamma per 10 ml per g heart) 

1 

O 

3 

4* 

5* 

6* 

Babbit 

Exrper. 

0.4S 

1.14 

1.03 

1.30 

1.08 

0.89 


Control 

0.6S 

0.G3 

0.S9 

0.S3 

0.61 

0.85 

Cat 

Exper. 

0.7C 

0.32 

0.43 

0,73 

0.S2 

0.74 


Control 

1.23 

0.02 

0.76 

0.47 

0.S4 

0.62 

Bat 

Exper. 

3.72 

1.3S 

2 no 

3.55 

l.SS 

1.84 


Control 

3.14 

2.35 

o.oi 

2.03 

2.05 

5.21 


* After digitoxin (1:40,000) perfusion started. 


of the rabbit and cat hearts, the time which 
elapsed between the introduction of digitoxin 
and complete arrest of the heart were noted. 
The more resistant rat hearts were allowed 
to beat for an hour with digitoxin perfusion 
before the e.xperiment was discontinued. The 
hearts were weighed at the end of each ex- 
periment. Ten ml samples of perfusate were 
collected for creatinine and histamine anal- 
yses. The samples were kept at ice-box tem- 
perature and analyses were carried out after- 
wards. 

The substance in the perfusate which gave 
the Baljet reaction was identified as creatinine 
by use of the NC bacterial enz 3 Tne suspen- 
sion of Dubos and Jliller.®'® The Jaffe alka- 
line picrate reaction was applied to samples 
of the perfusate before and after incubation 
for 90 minutes at 37°C with micro-organisms 
capable of destroj-ing creatine and creatinine 
under aerobic conditions. The true creatinine 
was calculated from the difference in the 
color reaction before and after incubation. 
Two 4 ml aliquots of each perfusate sample 
were taken; one was subjected directh- to 
colorimetric reaction with 2 ml of alkaline 
picrate, whereas the other was incubated for 
90 minutes with I ml of cell suspension and 
0.25 ml of M phosphate buffer, pH 7.0. 
Since the amount of protein present was less 
than could be precipitated by tungstate, the 
preparation of a tungstate filtrate was omitted. 

S Miller, B. F., .nnd Dubos, B., J. BioX. Chem., 
1P37, J2I, 420. 447, .and 457. 

9 3rillor, B. F., Allinson, M. J. C., and Baker, Z., 
.7. Biol. Chem., 1P3P, 130, 3S3. 


Care was taken to use a cell suspension of 
potenej' sufficient to metabolize all the crea- 
tinine present. .After incubation, separation 
was carried out bj”- centrifugation. To 4 ml 
of the supernatant liquid, 2 ml of alkaline 
picrate was added. The alkaline picrate solu- 
tion was prepared from 1 volume of 10% 
XaOH in 5 volume of freshly saturated pic- 
ric acid. .After the solution had been allowed 
to stand for 15 minutes, it was added to 
standard and unknown solutions in a ratio 
of 1 alkaline picrate to 2 of the other solu- 
tion. The color was allowed to develop for 
10 minutes and was then measured using a 
Coleman Universal Spectrophotometer, Jlodel 
11, with the PC-4 filter, and at a wave length 
of 525 m/i. .A solution of 1 volume of alka- 
line picrate and 2 volumes of distilled water 
was used as the blank. The creatinine con- 
tent of the perfusates was calculated from 
the readings on standard creatinine solutions 
and expressed in gamma per 10 ml of per- 
fusate per gram of heart. 

The histamine determinations were carried 
out as follows. Essentially the histamine ex- 
traction method of Barsoum and Gaddum^® 
was applied. Ten ml samples of perfusion 
fluid were acidified with 1 ml concentrated 
HCl. The acidified perfusate was boiled for 
2 hours, then evaporated to diymess, and e.x- 
tracted with 5 ml 95% ethyl alcohol satu- 
rated with NaCI. The alcohol was evapo- 
rated, and the residue taken up in 2 ml of 
water. This solution was tested on the atro- 

JOB-irsoum. G. S., and Gaddum, G. H., J. 
Fhtisiol, 1P33, 85, 1. 
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TABLE II, 


Statistical Analysis of Creatinine Ecsults. 



No. of samples 

Mean values 




■v 

/ 

\ 


No. of animals 

Before 

After 

Before 

After 

T values* 

10 Babbits 

21 

22 

0.97 

0.90 

1.4 

10 Cats 

21 

20 

0.C9 

0.73 

1.5 

7 Eats 

14 

1C 

4.54 

3.84 

1.9 


* Significance of , differences between the means; less than 3.0 is not considered statistically 
significant. 

!Mi — Mo 

T = — = = (E = mean error, M =: mean).ii 


VEi2 — Eo2 


TABLE ni. 

Histamine Excretion of Isolated Hearts. 


Samples 

(Histamine, gamma per 10 ml per g heart) 


Animal 


1 

o 

3 

4* 

5* 

G* 

Babbit 

Cat 

Eat 

Exper. 

Control 

Exper. 

Control 

E.xper. 

Control 

.034 

.030 

.019 

.014 

.11 

.08 

.036 

.026 

.020 

.018 

.11 

.07 

.033 

.030 

.017 

.010 

.12 

.12 

.015 

.028 

.009 

.015 

.11 

.11 

.008 

.028 

.007 

.013 

.11 

.10 

.000 

.030 

.003 

.018 

.11 

.10 

* See Table I. 









TABLE IV. 






Statistical Analysis of Histamine Bcsulfs. 





No. of samples 

Mean values 




No. of animals 

f 

Before 

After 

Before 

After 

T values* 


11 Eabbits 

2G 

25 

.033 

.0095 

6.71 



10 Cats 

10 

18 

.0135 

.UU53 

7.52 



10 Eats 

22 

23 

.13 

.13 

0.00 



* See Table II. 


pinized guinea pig intestine in the usual way. 
The sensitivity of the intestine was frequent- 
ly tested with known amounts of histamine. 
This extraction method proved to be quite 
useful for estimating histamine in perfusates 
containing digito.xin. The method eliminates 
dit^itoxin and potassium ions, which, if pres- 
ent in the original perfusate, cause contrac- 


ion of the guinea pig ileum. _ _ 

Results. The results are summarized m 
ables wherein typical experimental data and 
he statistical analyses of a large number of 
experiments are presented. The creatinine 
DUtput in each of the 3 species 
svas^ fairly constant and not affected by digi- 


Standanlicaiion, 1937, 
Oxford Hniversity Press, London, p. 29. 


toxin (Tables I and II). The highest crea- 
tinine output was observed in rat hearts. 
The creatinine outputs of rabbit and cat 
hearts were approximately the same. 

On the other hand, the histamine output 
showed an interesting correlation with the 
action of digitoxin in rabbit and cat. In 
these two species there was a significant de- 
crease in the histamine content of the per- 
fusate, which in many cases reached zero in 
the last sample. However, the histamine out- 
put of the rat heart was not affected (Tables 
III and IV). 

It is of interest to note that tlie time elap- 
sing before complete arrest of auricles 
and ventricles of the isolated hearts varied 
with the species. The most resistant was 
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TABLES V AKD VI. 

Comparison of the Sensitivity of Babbit, Cat, and Bat Heart to Perfusion with Digitoxin, 

1:40,000. 

TABLE V. 



jSTo. of esper. 
animal 

Amt of digitoxin 
(1:40,000) ml/g heart 
to cause heart arrest 

Survival time 
in min. 

Babbits 

10 

11.5 

18.0 

Avg heart wt equals 9.4 g 

17 

1.5.9 

11.0 

18 

13.2 

12.5 


19 

17.0 

10.3 


20 

20,2 

11.0 


21 

12.5 

7.0 


23 

— 

11.0 


24 

12.4 

M = 15.9* 

11.0 

M = 11.5* 

Cats 

1 

11.4 

10.5 

Avg heart wt equals 14.9 g 

O 

21.7 

IG.O 

3 

21,5 

13.0 


4 

11.3 

7.0 


5 

2G.3 

13.8 


s 

29,6 

10.0 


10 

— 

15.0 


11 

23,0 

13.0 


12 

13.5 

8.5 



M = 19.8* 

M =r 11.9* 


* M = Mean values. 


TABLE yi. 

Bats — AH hearts heating well at one hour after the perfusion started. Average heart weight 
equals 1.45 g. 


No. of expor, animal 

Amt of digitoxin perfused in one liour 

1 

42.0 ml g/iiour 

2 

126.2 ” 

5 

87.1 ” 

7 

153.8 ” 

8 

100.0 ” 

M = 101.8* ml per gram per liour 


* M Mean values. 


the rat heart, while the rabbit and cat showed 
essentially similar sensitivity (Tables V and 
VI). 

Discussion. From these results, it is 
reasonable to assume that the toxic effect of 
digitoxin on the isolated heart results in de- 
creased histamine output, while the appear- 
ance of creatinine in the perfusion fluid is not 
altered. It has been shown by Anrep and 
coworkers® that when the heart fails the his- 
tamine output diminishes. Our results with 
digiloxin-poisoned hearts corroborate these 
observations. It is interesting that the rela- 
tive sensitivities of the 3 species to digitoxin 
are parallel to their relative sensitivities to 
histamine. The biochemical mechanism of 


these findings is being investigated in further 
detail in order to gain a better understanding 
of these phenomena. 

Summary. The perfusion fluid from iso- 
lated hearts of cats, rabbits and rats con- 
tains creatinine and histamine. There is a 
species variation in the e.xcretion of these 
substances. l^Tien digitoxin (1:40,000) is 
added to the perfusion fluid, the creatinine 
output of the heart is not significantly altered 
in the 3 species studied. However, the his- 
tamine output of the cat and the rabbit heart 
decreases, while that of the rat heart remains 
unchanged. The isolated rat heart is much 
more resistant toward digitoxin than the cat 
and rabbit hearts. 
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Experimental Leptospirosis Infection in Chickens.* 

H. Bernkopf. (Introduced by L. Olitzki.) 

From the Department of Bygiene and Bacteriology, The Belrcw University, Jerusalem. 


While the number of mammals found to be 
leptospiral carriers is steadily mounting, noth- 
ing is known about such infections in domes- 
tic fowl or other birds. Cases of leptospirosis 
have been reported among personnel of poul- 
trjr farms and among poultry dressers but 
rats have always been considered the source 
of infection, and the possibility that chickens 
might be infected from rats seems to have 
been neglected. It seemed of interest, there- 
fore, to examine the susceptibility of chickens 
to experimental leptospiral infection. 

Since no virulent strain of Leptospira ictero 
Itaemorrhagiae was available, a bovin strain 
of leptospira,^ which causes severe infections 
in cattle and human beings, was used. A 
heavy growth of the organism on semisolid 
medium was diluted 1:3 in saline and 1 cc 
was inoculated subcutaneously into 32 chick- 
ens. The birds varied in age from 6 weeks 
to 5 months. 

Twelve birds were bled from the heart 
dailj^ for 10 days after inoculation and 0.2 
to 0.5 cc of blood was inoculated into semi- 
solid or Schueffner’s medium or both. Cul- 
tures were incubated at 30°C and were e.x- 
amined weekly with the dark field microscope. 
Positive cultures were obtained from 2 birds, 
one on the fourth and one on the ninth day 
after injection. This low proportion of posi- 
tive cultures may have been due to the fact 
that chicken serum when added to heavily 
inoculated Schueffner medium has a harmful 
effect on the organism and inhibits growth. 

The bird with the positive blood culture 
on the 9th day showed no clinical signs of 
illness but serum taken at 3 weeks had an 
agglutinin titer of 1:800. When the animal 
was sacrificed at 4 weeks no patholo^cal 

♦ TJiis work was aided by a grant from the 
Palestine Board for Scientific and Indiistri.al Be- 

search. ^ , . 

1 Bernkopf, H., Olitzki, L.,_aud Stuczj-nski, 

L. A., J. Infect. Bis., SO; 


changes were found and no organisms were 
seen in sections of organs stained b}' Leva- 
diti’s method. A calf which was injected 
with 1 cc of a culture of the isolated strain 
reacted with a short fever (41.5‘’C) and de- 
veloped an agglutinin titer of 1:1600 against 
the bovine strain of leptospira. 

The bird with the positive culture on the 
fourth day became sick on the 8th da}' and 
was sacrificed. Liver, spleen and kidney 
were cultured on semisolid medium and or- 
ganisms were successfully cultivated from the 
liver where they were also demonstrated in 
considerable number in sections stained by 
Levaditi’s method. The organisms were found 
within well preserved liver cells. In some 
areas the liver cells were detached from one 
another and numerous leucoctdes were found 
in the capillaries. A few organisms were 
found in sections of the kidney but they could 
not be cultivated from this organ or the spleen. 
There were no gross pathological changes on 
autopsy. 

Five chickens were found dead between 
the 9th and the 14th day after inoculation 
and 5 more were sacrificed between the 6th 
and 9th day. No specific changes were found 
in these birds on autops}'. No leptospiras 
were demonstrable with certainty in Levaditi 
stained organ sections although argentophile 
coils of undetermined nature were seen a 
number of times. 

All of the sur\'i\'ing birds were bled at one 
to 2 week intenmls for serological tests. Sera 
in dilutions of 1:20 and 1:200 were tested 
for the agglutination of formolized suspen- 
sions of L. ktcrohacmorrhagiacj and the bo- 
vine leptospiral strain. Equal volumes of 
serum dilution and antigen were mixed in 
small test tubes and incubated at 37°C for 
2 hours. The results were read the following 

f TJit’ .r.Tckson str.iiii kinfil^' siipplmd by Br. J, 

C. Broom, The tVclIcotoe hnboratorics ot Tropical 
Medicine, London. 
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morning by examining uncovered drops Tivith 
a low power objective with dark field illu- 
mination. All the pre-inoculation bleedings 
were negative and the antibody response vras 
very variable. Of six, 6-week-old birds, 3 
developed no agglutinins at all and 3 devel- 
oped titers of only 1:40. Among the 2- to 5- 
month-old birds, levels of 1:800 to 1:8000 
were reached and during a 2- to 3-month 
period of observation these titers did not fall 
appreciably. 

Since the successful demonstration of in- 
fection in subcutaneously inoculated birds 
was demonstrated in only 2 instances the 
actual number of infections accomplished 
cannot be stated since the antibody response 
in older birds may have resulted from the 
antigenic stimulus of the inoculum. This 
possibility was eliminated in another experi- 
ment in which 5 birds were given the or- 
ganism by feeding. Each bird received 1 cc 
of a fluid leptospiral culture drop by drop 
with a pipette, care being taken that the 
material was slowly swallowed and that the 
mucous membranes were not traumatized. 


Three weeks later all 5 birds had developed 
specific serum antibodies in titers ranging 
from 1:800 to 1:3200, This established the 
susceptibilit}’' of domestic fowls to infection 
in a manner which could well occur in nature. 
The actual occurrence of infection in nature 
remains to be demonstrated. 

More than 500 chicken sera, from several 
flocks, have been examined for their agglutinin 
titer with bovine leptospira and L. ktcro- 
hacinorrliagiae and while titers of 1:20 and 
1:40 were frequently obserc'ed these are not 
considered significant. Two sera were found 
with titers of 1:400 with both strains and 
one serum which was positive at 1:200 with 
the bovine strain only. These serological 
findings though not adequate in themselves, 
suggest the occurrence of leptospira infections 
in chickens in nature. 

Summary. Domestic chickens were shown 
to be suceptible to experimental infection 
with a bovine strain of leptospira, when given 
subcutaneously or by mouth. The infection 
occurs in inapparent form, as a rule. 
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Influence of Fluorine in Mottled Teeth on Dental Caries.* 

ViRGlE D. Cheyne. 

From ihc Department of Fciodontics, College of Dentistry, Vniversity of Iowa, Iowa City, la. 


If compounds of fluorine are to be used 
as drugs in combating human dental caries,^ 
eventually the manner of action must be ex- 
plained in order to direct their most practi- 
cal application. .At present the literature 
assumes that it works (1) through a constant 
intake of fluorine-bearing water- or (2) by 

* The investigation upon -which this report is 
based was made possibie by funds granted by the 
C.arncgic Corporation of Kc-w Tork to the Division 
of Doni.al licsc.arcli, School of Jlcdicine and 
Dentistry, Tlie University of Itochcstcr, Eochester, 
K.Y. 

r Editorials, J. J. D. A., 19-17, 31, 313; J. A. 
n. A., 1917, 31, 111 . 


direct chemical combination with the con- 
stituents of the tooth, introduced either pre- 
natally^ or postnatally.'* The latter assump- 
tion has been contested by the presentation 
of data which shows that a significant efi'ect 
of fluoride acquired after tooth eruption on 
induced rat caries is not evident.^ Using 

2Dc.an, H. T., Am. J. Ortho, and Oral Snrg., 
1947, 33, 49. 

5Co.v, G, J., ilatuscimk, It. C., Dixon, S. F., 
Dodds, D., and tValker, tV, E., J. D. Ecs., 1939, 
18, 4S1. 

* Armstrong, YT. D., and Brekhus, F. J., J. S. 
Ees., 193S, 17, 393. 

aJIcCInre, F. J., J. Kutrition, 1941, 22, 391. 
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Mottled Teeth and Dental Caries 
TABLE I. 


Group 

Condition of animal 

No. of 
animals 

No. of 
molar teeth 
examined 

No. fractured 
cusps 

per animal 

No. carious 
cuspal 

involvements 
per animal 

No. carious 
teeth 

per animal 

I 

Normal 

15 

180 

10.9 

4.0 


II 

Extirpated salivary glands 

12 

144 

4.9 

3G.G 

lO.G 

III 

Mottled molars 

9 

108 

20.0 

5.4 

1 n 

IV 

Extirpated salivary glands 







and mottled molars 

9 

108 

12.G 

28.1 

8.5 


a technique for desalivating rats worked out 
in our laboratory,® it has been possible to 
demonstrate that a continuous suppty of 
fluorine will arrest caries in the absence of 
salivaJ The present report is based upon 
further studies with desalivated animals. 
Using the technique in combination with a 
method for increasing the fluorine content 
of rat molars, also worked out in our labora- 
tory,® it has been possible to remove the in- 
fluence of saliva in animals previously sub- 
jected to fluorine in sufficient amounts to 
cause mottling during prenatal life and test 
the influence of the fluorinized tooth acting 
alone against caries-producing conditions. 

Experiments and Results. A total of 18 
rats were obtained from three mothers which 
had been receiving daily concentrations of 
300 to 350 parts per million of fluorine as 
potassium fluoride during pregnancy, and a 
total of 27 young were selected from five 
mothers which received no fluorine. All 
parents were from the same Wistar breeding 
stock. One-half of the fluorinized young 
and 12 of the 27 nonfluorinized young were 
subjected to total salivary gland extirpations 
at the age of 24 days. On the 42nd day all 
animals were placed on a caries-producing 
diet.® The food and distilled water were 
given ad lib. Weights were taken every 4 
days. After 104 days on the diet, the animals 
were chloroformed, the jaws were separated, 
and all molar teeth e.xamined with a sharp 
e.xmlorer tine under a binocular microscope, 
magnification 30X. Several sa gittal planes 


c aievne, V. D., J. X>. lies., 1939, 18, 457. 
rcheyne, V. D., Tnoc. Soc. Exe. Biol, .v.vd 
FT,., 1940, 43, 58. 

S Clicvne, A . D., J-J*-.- ’ ._ 

* * > Wphher P -V., anti Canniff, 

aHopi'crt, C. A., neuocr, x. -v., 

L., .7. D. ncs., 1932, 12, ICl. 


of jaw segments were examined histologically 
in ground and decalcified section to confirm 
the accuracy of the diagnosis. Lesions were 
classified into simple fractures and carious 
cavities. Presumablj^ mechanical fracture of 
rat molars precedes most experimental carious 
destruction. Male and female differences 
were not sufficiently significant to warrant 
separate consideration in any group. 

Observation in Table I shows that the 
reduction of saliva greatlj-^ increases the 
incidence of rat caries. This also has 
been demonstrated in a previous publication 
b 3 ' us.^® Normal animals on the caries- 
producing diet average 4.0 carious cuspal in- 
volvements and 1.8 carious teeth per animal; 
those with salivary glands extirpated average 
36.6 carious cuspal involvements and 10.6 
carious teeth per animal; those with mottled 
molars average 5.4 carious cuspal involve- 
ments and 1.5 carious teeth per animal; and 
desalivated rats with mottled molars average 
28.1 carious cuspal involvements and 8.5 
carious teeth per animal. The number of 
cavities in the lower teeth exceeded those in 
the upper for all animals e.xamined. Because 
the average number of carious teeth in the 
third group is onlj’’ slightlj’’ lower than nor- 
mal it seems that the fluorine incorporated 
in the tooth substance has ver\^ little, if an}^, 
influence in retarding caries. The greater 
number of carious cuspal involvements in 
the same group gives added support to this 
assumption. The outstanding conclusions, 
however, are based upon a comparison of the 
last group witli the remaining three. De- 
salivated animals with mottled molars show 
an increase of approximate!)' 80% of carious 

10 Cheque, V. D., Paoc. Soc. Exp. Biol, and 
Mm., 193.9, 42, 5S7. 
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lesions over normal animals and onh' about 
20% reduction compared to desalivated ani- 
mals not subjected to fluorine in their prenatal 
period. The relatively low number of frac- 
tures in nonfluorinized animals subjected to 
desalivation suggests that early breaks rapidly 
become carious. The higher number of frac- 
tures in the normal animals indicates the re- 
verse condition, but in the fluorinized animals 
of Groups 3 and 4 it would be difficult to say 
to what degree the high frequency of breaks 
was due to greater friability of hj^poplastic 
fluorinized teeth. 

Summary. Some of the factors operative 


in suppressing rat caries have been tested in 
this experiment. By using animals in which 
the saltvarj- glands have been removed it has 
been possible to test the relative effects of 
fluorine prenatallj' incorporated in the teeth. 
When the caries score of operated rats with 
mottled or fluorinized teeth are compared with 
that of nonfluorinized animals without glands 
there is a measurable reduction in caries. 
IMien the percentage of reduction is compared 
with the caries score of normal animals, how- 
ever, there is endence that the saliva offers 
greater protection than the fluorine in tooth 
substance. 
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Prevention of the Anti-Curare Action of Epinephrine by Dibenamine. 

W. O. Maddock, V. ;M. Rakkec, axd W. B. Youiiaks. 

From the Department of Physiology, University of Oregon yicdical School, Portland. 


The effects of N, N-dibenzyl-beta-chloro- 
ethylamine (Dibenamine) on the responses 
of various visceral effectors to epinephrine 
hav'e been studied by Nickerson and Good- 
man.^ They have reported adrenolytic ac- 
tions of Dibenamine in various visceral ef- 
fectors which have an excitator}’’ adrenergic 
innerv^ation. Epinephrine is known to exert 
an anti-curare action at the skeletal neuro- 
muscular junction.-'" The mechanism of this 
action is unknown. It does not appear to 
be related to any influence on adrenergic 
neuro-effector systems. In the present study 
it is demonstrated that Dibenamine prevents 
the anti-curare action of epinephrine. 

Methods. Seven dogs were used. Intra- 
venous sodium pentobarbital was the anes- 
thetic employed in 6 dogs. In one animal, 
intratracheal ether anesthesia was used fol- 
lowing the administration of 15,0 mg mor- 
phine sulfate. The peripheral portion of the 

1 XicUerson, it., and Goodman, L., J. Pharm. 
otid Frp. Thcrap., 1947, S9, 1C7. 

- Rosonblucth, A., l-indslcy, D. B., and Morison, 
E. S., .4 m. J. Physiol., 1P3C, 115, 53. 

sWilfon, A. T., and tTright, S., Quart. J. Psp. 
Fhy.siol., 1930-37, 20, 127. 


cut peroneal nerve was drawn across 2 glass- 
shielded platinum electrodes, and single shocks 
of supramaximal strength were applied everj' 
2 seconds by means of an electronic stimulator 
(Electrodjme, model 461). Relativel}' iso- 
metric contractions of the tibialis anticus 
muscle were recorded on a revolving drum 
by means of a iMeyerhof t\pe of myograph. 
The femoral arterj’ of the same side was ex- 
posed for intra-arterial injections. The fem- 
oral vein of the opposite side was e.xposed 
for intravenous injection. 

The curare preparation used was Into- 
costrin, 20 units per cc (E. R. Squibb and 
Sons) . This preparation has the same poten- 
cy as a solution containing 2.7 mg of an- 
h\-drous d-lubocurarine chloride per cc. The 
following general procedure was used in each 
of the 7 e.xperiments. Intocostrin was di- 
luted with isotonic saline so that each cc 
contained 2 units, and this was injected intra- 
venously in amounts sufficient to depress the 
amplitude of muscular contraction to between 
one-fourth and one-half of the original height. 
Then epinephrine (Adrenalin, Parke-Davns 
and Co.) was injected rapidly intra-arteriallv, 
-After demonstrating the anti-curare action of 
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Fig. 1. 

Prevention of tiie Anti-curnrc Action of Epineplirinc b^v Dilieniimine, 

Upper Pccord. Before Dibenaminc. From nbove donnnnrd record sIiow.«: (1) contr.octions 
of tibialis anticus mu.'cle produced by sfiranlating the peroneal nerve at 2 feeond interials. 
(2) times of intravenous injection of Intocostrin and intra-arterial injection of epinepljrine 
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(1:100,000), and (3) time in 2-second intervals. At tlie breaR in tlie record a 3-ininute section 
was removed, during wliich time an additional 0.25 unit of Intocostrin was injected. 

Lower Eecord. After Dibenamine. Recording as in upper record. Animal lmd received 2 
units of Intocostrin .approximately 1 minute before tbe injection of Indocostrin indicated on 
the record. 


epinephrine, Dibenamine was administered 
intravenousl}'. The hydrochloride salt of 
Dibenamine was dissolved in propylene glj^ol 
(20 mg per cc) and then diluted with an 
equal amount of distilled water. Each dog 
was given between 25 and 45 mg of Dibena- 
mine per kg within a period of 15 to 60 
minutes. Within one to 3 hours after injec- 
tion of Dibenamine, administration of curare 
and epinephrine was repeated. 

Results. Intra-arterial injection of epine- 
phrine (1.0 or 2.0 cc of a 1:100,000 solution 
of epinephrine in saline), following partial 
curarization, caused an immediate marked 
increase in the amplitude of muscular contrac- 
tion in each of the 7 animals tested. A typical 
response is illustrated in Fig. 1, upper record. 



, T 



Flo. 2. 

Anti-cunire .\ction of I’ot.nssiuin .nfter Diben- 
.omiiic. Writing jioints nro arniiiged :i.s iii Fig. 1. 
Tlie record w.ns obt.aincd .approximately 2 liours 
after administration of Dibenamine, 30 mg per hg. 
The break in the record indicates an 11-inimite 
interval during which 1.2 units of Intocostrin were 
administered intravennnsly. Isotonic, potassium 
chloride was administered intra-arterially. 


After administration of Dibenamine, and sub- 
sequent partial curarization, the same dose of 
epinephrine failed to increase the amplitude 
of contraction in each of the 7 animals. An 
e.vperiment is illustrated in Fig. 1, lower rec- 
ord. In fact, the injection of the epinephrine 
solution after Dibenamine and partial cura- 
rization produced a slight transient decrease 
in the amplitude of the contractions. The 
following controls indicate that the decreased 
amplitude was not due to the epinephrine 
but was related to the volume of the diluent, 
1) In each of 2 dogs tested, injection of the 
same amount of epinephrine (20 /xg) in 0.02 
cc of fluid (/.c. 0.02 cc of a 1:1,000 solution 
of epinephrine) failed to have any effect on 
the amplitude of contraction. 2) The same 
slight depression in amplitude of contraction 
was produced in 3 dogs by the intra-arterial 
injection of 1.0 to 2.0 cc of isotonic saline or 
water. 

The effects of large doses of epinephrine 
were tested in three dogs. A dose of epine- 
phrine 100 times that used to demonstrate 
anti-curare action before Dibenamine had no 
anti-curare effect after Dibenamine. 

Isotonic potassium chloride solution 
(1.15%), 1.0 to 5.0 cc was administered 
intra-arterially to 3 dogs following partial 
curarization. The well-known immediate in- 
crease in amplitude of contraction was noted 
both before and after Dibenamine. The anti- 
curare action of potassium chloride following 
the administration of Dibenamine is illus- 
trated in Fig. 2. 

Summary. The effects of Dibenamine on 
the anti-curare actions of epinephrine and of 
KCl have been studied in 7 dogs anesthetized 
with sodium pentobarbital or with morphine 
and ether. Dibenamine, in doses of 25-45 
mg per kg, prevents the anti-curare action of 
epinephrine but does not prevent the anti- 
curare action of potassium chloride. 
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Alloxan Diabetes in Mice. 


Burton A. Waisbren.*! (Introduced by Charles Armstrong.) 
From the Kaval Medical Fescnrch Institute. 


Alloxan diabetes has been produced in rab- 
bits, rats, dogs, cats, monkeys, pigeons, and 
guinea pigs.^-“ Although Dunn et al.,^ state 
that alloxan causes islet lesions in mice, no 
mention was found in the literature of the 
production of alloxan hyperglycemia in this 
species. In the course of studies on the effect 
of hyperglycemia on susceptibility to bacterial 
infection, it became desirable to find a con- 
sistent means of inducing this condition in 
a small laboratory animal such as the mouse. 

Materials and Methods. Male Swiss albino 
mice of the same age and weight were se- 
lected for each experiment. A fresh aqueous 
solution of alloxan monohydrate (4 mg/ml 
for intravenous injection and 6 mg/ml for 
intraperitoneal and subcutaneous injections) 
was used. Blood sugars were determined by 
the method of Reinecke.H-^ Animals with 
blood sugar levels over 200 vagjo were con- 
sidered hyperglycemic, since blood sugar de- 
terminations on 20 control mice on food and 
water ad libitum were all under 150 mg%. 

In view of the wide variation of dosage and 
route of administration necessary to produce 
allo.xan diabetes in different species of ani- 
mals,^"®’® the following procedures were car- 
ried out. 


• Teclmieal assistance of James Samsell. 
t Present address: Naval Unit, Camp Detrick, 
Prederick, 3Id. 

1 Goldner, M. G., and Gomori, G., Endocrinology, 
1943, 33, 297. 

2 Dunn, J. S., McLetchie, N. G. B., Lancet, 1943, 


a44, 384. 

SBulien, J. A., and Tardumian, K., Science, 
194G, 103, 220. 

4 Banerjee, S., Lancet, 1944, 2—4, C58. 

5 Goldner, JT. G., and Gomori, G., Pboc. 4.0c. 
Exp. Biol, axd Med., 1943, 58, 31. 

oDunn, J. S., Kirkpatrick, J., McLetchie, K. G. 
B., and Telfer, S. V., J- Fath. and Fact., 1943, 

53, 245. 

•! Coleman Junior electropliotometer. 

7Slnl-o,B.3r.,J.5.-ol.C;mm.,1942, 143 , 351 . 


a. Intravenous tail injections of doses 
varying from 50 mg/kilo to 300 mgAilo 
of allo.xan were given to 65 mice maintained 
on Purina Mouse Chow and water ad libiliim 
before and after injection. Blood sugars 
were determined 48 hours after inoculation. 
Intraperitoneal and subcutaneous injections 
of similar dosages of alloxan were given to 
additional groups of mice on the same diet. 

b. Since it has been demonstrated® that 
fasting prior to injection increases the sus- 
ceptibility of rats to alloxan, 131 mice fasted 
for 8 to 24 hours, were given alloxan intra- 
peritoneally and fed Purina Mouse Chow 
immediately thereafter. 

c. Hard® reported that some animals of 
a given species are resistant to repeated in- 
jections of allo.xan. A number of mice pre- 
viously unaffected by an initial dose of al- 
loxan were therefore reinjected with similar 
dosages and later tested for hjiperglycemia. 

d. In order to determine the duration of 
alloxan hyperglycemia blood sugar determina- 
tions were made on groups of diabetic mice 
at various times after the injection of alloxan. 

e. Inasmuch as riboflavin, epinephrine, 
glutathione, cysteine, and niacin have been 
reported to protect against allo.xan^®-®'**’*® 
an investigation of their protective action in 
mice was made. 

Results. The optimal dose of allo.xan for 
the production of hyperglycemia in mice was 
found to be 100 mgAilo injected directlj' 
into a tail vein. All of SO mice given alloxan 
in this dosage were found to be hypergl3'cemic 
at the end of 48 hours, while none of tlie ani- 
mals died (Table I) (A). 

s Kass, E. H., and Waisbren, B. A., Pnoc. Soc. 
Ext. Biol, axd ATed., 1943, <50, 303, 

0 Hard, W. L., and Carr, C. J., Paoc. Soc. Exp. 
Biol, axd ATed., 1044, 53, 214. 

JO Gajewski, J., personal communication, 1947. 

31 l4az.aroiv, A., Pnoc. Soc. Exr. Biol, axd AIed., 
194C, 01, 441. 

32Bancrjcc, S., Science, 1047, lOG, 12S. 
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TABLE l. 


The Mortality and Blood Sugar Levels of Mice 48 Honrs After Inoculation of Alloxan. 


Xo. of 
animals 

Conditions prior to 
inj. of alloxan 

Dose of 
alloxan 
mg/kilo 

Boute of 
injection 

Xo. of 
deaths 
48 hr 

Blood sugar levels after 48 hr 
mg % 

50-150 

150-200 

200-300 

Greater 
than 300 

(A) 









5 

Food and water ad lib. 

300 

Intravenous 

5 

0 

0 

0 

0 

5 


. 200 

t f 

3 




O 

50 


100 

tf 

0 

0 

0 

0 

50 

6 


50 

rr 

0 

2 



3 

18 

Same 

400 

Intraper. 

3 

4 

3 

4 

4 

195 


300 

> J 

19 

23 

52 

37 

64 

8 


200 

ft 

0 

3 

3 

O 

0 

S 


100 

ft 

0 

4 

2 

i 

1 

<^) 

c 

Same 

750 

Subent. 

o 

O 

0 

0 

2 

G 


GOO 

tt 

4 

1 

0 

0 

1 

G 


500 

ft 

f) 

o 

1 

0 

1 

G 


400 

tt 

3 

3 

0 

0 

0 

G 


300 

St 

0 

G 

0 

0 

0 

G 


200 

It 

0 

1 

4 

0 

1 

G 


100 

St 

0 

4 

1 

1 

0 

(D) 









10 

Fasted 24 hr 

400 

Intraper. 

3 

0 

0 

1 

G 

12 


300 

ft 

0 

0 

0 

0 

12* 

100 

” 8 ” 

300 

fs 

45 

2 

6 

15 

32 

9 

” 24 ” 

300 

.Subcut. 

0 

4 

o 

3 

0 


* Five of these mice died after CO hours. 



Figure 1. Duration of hyperglycemia and mortality after inoculation with 
olloxon 
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The optimal dose for the intraperitoneal 
injection of alloxan was found to be 300 
mg/kilo. Of 195 mice given this dose, 101 
(52%) showed a hypergljxemia greater than 
200 mg% in 48 hours (Table I) (B). Nine- 
teen of the 195 (9%) mice died in 48 hours. 
Alloxan given in similar dosages by the sub- 
cutaneous route was found to be less effective 
in that only 6 of 42 mice so treated developed 
hjiperglycemia (Table I) (C). 

Fasting for S to 24 hours prior to injection 
increases the mortality due to alloxan with- 
out increasing the incidence of hj'perglycemia 
in the survivors. Although onlj^ 60 of 131 
(45%) fasted animals were hypergh’cemic 
48 hours after injection, 48 mice (37%) died 
in this interval (Table I) (D). 

Five of 22 mice demonstrated to be re- 
sistant to an initial dose of alloxan were found 
to be hyperglycemic after a second injec- 
tion of the same dose. 

The diabetes produced by alloxan was 
found to be relatively transient in that at the 
end of 6 weeks 20 or 26 initiall}'’ diabetic 
mice had survived and of these only 10 re- 
mained hypergtycemic (Fig. 1). 

In the dosages used epinephrine, cysteine, 
niacin and riboflavin gave no significant pro- 
tection against the action of allo.xan (Table 
II). 

Summary. The most effective dose and 
route of administration of allo.xan were found 
to be 100 mg/kilo injected into the tail vein 
of the mouse. Fifty mice treated in this way 
all had blood sugar levels greater than 300 
mg% 48 hours later. There were no mor- 
talities. 

Fasting before the intraperitoneal injection 
of alloxan increased the mortalit.v in mice 
without increasing the incidence of diabetes 
among the survivors. 

Mice resistant to the first injection of al- 
lo.xan were not necessarily resistant to a sec- 
ond injection of the same dose. 

Allo.xan hyperglycemia was not permanent 
in all mice, since the blood sugar levels of 
one-half of the suix’ivors reverted to normal 
within 6 weeks. 

In the dosages administered epinephrine, 
cysteine, niacin and riboflavin did not give 
protection against the action of alloxan. 
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Tests of Possible Antagonism of Gold for Histamine Toxicity and Certain 

Allergic Reactions.'*^ 

William C. Kuzell axd Robert H. Dreisbach. 

From the Department of Pharmacology and Therapeutics, Stanford Vniversity School of 

iilcdicine, San Francisco, Calif. 


Thera has been considerable discussion 
about the possible allergic nature of rheu- 
matoid arthritis as a disease process. The 
supporting evidence has been both clinical 
and experimental. According to Hench.^ “no 
one has been able to set up any one particular 
syndrome as allergic arthritis or to prove 
that any of the arthritides are chiefly or 
solely the results of bacterial or food allergy.” 
However, many attempts have been made to 
determine the possible role of bacterial al- 
lergy in the production of rheumatoid arth- 
ritis.- Klinge has reported the production 
of an arthritis in rabbits sensitized to horse 
serum by subsequently injecting horse serum 
into the joints.® More recently Rich and 
Gregory have suggested that the character- 
istics of rheumatic carditis develop as a re- 
sult of anaphylactic hypersensitivity .■• 

.At the same time, increasing evidence has 
accumulated that gold salts favorably in- 
fluence the clinical course of rheumatoid arth- 
ritis.''’’' In rats and mice the experimental 
arthritis produced by the pleuropneumonia- 
like organisms is prevented by the use of gold 

• Tills work w.^s (tone under contract with the 
Ofik'e Ilf Xavnt ncsearch. 

I Hnu'h, r. SS.. Bauer, \V., Glirist, D., Hall, F., 
Ilollirnok. \V. P., Key, .1. A., and Slocumb, C. IL, 

-ijiii. //It. }{cd., m.as. II, loso. 

-<’ee'l, K. I... Priic. .Vayo Clinic, 1940, 15, uoG. 

'•/ Klinjje. I/citr. c. path. Anal., v. :. all. Path., 
liiC'.i, 8:5, lS.->. 

< Itieh, .\. 1!., and Grepory, ,T. E., Dull. Johns 
l/ii/it iii.s //o.iji., 1943, 72, (>,j; lin'd., 1943, 7;5, e39. 

Freyherp, K. H., Block, AValter D,, and Wells. 
G. s.. Chiiic.i. 1949, 1. .737. 

B.ip.in, Charles, and Tyson, T, L.. .Ini. J. iled., 
194U, 1, •.Tit:. 

I Freyberp. ]J. H., Proc. Staff Meet. Mayo Clinic, 
194-2. 17. .'34. 

^ ••Sabin. .\. B.. and Warren, ,T.. ,7. Dact., 1940. 
40, S-33. 


salts and the disease once begun is arrested 
by their use.®^'' 

In view of the favorable claims for an al- 
lergic factor in rheumatoid arthritis and be- 
cause gold salts seem to alter favorably the 
course of the disease in some unknown way 
it was thought desirable to determine whether 
the gold ion could prevent histamine toxicity 
and anaphylactic shock and beneficially effect 
the -Arthus phenomenon in animals. If it 
could be demonstrated that the gold ion 
altered beneficially e.xperimental allergic re- 
actions, the mode of beneficial action of gold 
in rheumatoid arthritis would be indicated, 
and conversely, if such experimental re- 
sponses were not altered, this would suggest 
that gold acted in some other manner. 

Anti-.Anaphylactic Eijcct. Ten guinea pigs 
(weighing from 210 to 375 g) were each given 
0.1 cc of horse serum hypodermically, and 
on the same day and every 3 days thereafter 
for 7 doses the guinea pigs were given 10 mg 
per kg of gold sodium thiosulfate intramus- 
cularly. Twenty-eight days after the initial 
injection of the horse serum the animals were 
given 0.5 cc of horse serum intravenously 
and 11 of the 12 animals died in 5 to IS 
minutes. Twelve control animals were given 
similar doses of horse serum without gold 
sodium thiosulfate, and only 1 animal sur- 
vived in this group. 

Acu/c Histamine Toxicity. Ten guinea 
pigs (weighing from 210 to 375 g) were 
given 10 mg per kg of gold sodium thiosul- 
fate intramuscularly for 5 doses in a 7-day 
period and 4 of the animals died during the 
week. .At the end of the week the 6 remain- 
ing animals, which had received gold were 
given 1 mg per kg of histamine phosphate 
iniravcnousl}-, and they all died in 1 to 5 

» Trip!, H. B., .mil Kuzell, W. C., Stanford Med. 
r.ull.. 1947, 5, PS. 
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minutes. Nine guinea pigs in the same weight 
range were taken as controls and given only 
the histamine phosphate in the same dosage, 
and they all died in 1 to 5 minutes after the 
injection. 

Arthus Phenomenon. Rabbits were used to 
determine the possible ameliorating effects of 
gold sodium thiosulfate on the Arthus phe- 
nomenon. The method was as follows: 10 
rabbits were sensitized by weekly subcutan- 
eous injections of 1 cc of a 1 to 10 dilution 
of horse serum in physiological saline solu- 
tion, according to the method previously used 
in this department.^® After sensitization 
was established, as shown by swelling at the 
site of injection, the rabbits were divided 
into 2 groups of 5 each. One group was given 
weekly intravenous injections of gold sodium 
thiosulfate beginning at 10 mg per kg and 
increasing to 30 mg per kg. The total dosage 
was 100 mg per kg in 6 weeks. The other 
group of 5 rabbits were kept as a control. 
The day following the intravenous injections 
of gold sodium thiosulfate, all 10 animals 
were given a subcutaneous injection of 1.0 
cc of a 1 to 10 dilution of horse serum in 
physiological saline. The diameters of the 
resulting swellings were recorded at the end 
of 24 hours. The average diameters of the 
swellings in the control group ranged from 
2.5 to 4.0 cm and in the gold treated group 
from 2.4 to 4.6 cm. Thus there was no 
demonstrable difference between the treated 
and untreated animals in the size of the 

10 Chu, W. C., and Cutting, W. C., Pboc. Soc, 
Exp. Biol, and ATed., 194C, 03, 347. 


wheals resulting from the horse serum. 

^ Gold was given intravenously to these rab- 
bits as a matter of convenience and because 
this method is also used clinically. 

Discussion. Evidently gold sodium thio- 
sulfate given intramuscularly to guinea pigs 
offers no protection against anaphjdactic 
shock, or the acute to.vicity of histamine. 
Further, gold sodium thiosulfate does not 
affect the development of the characteristic 
wheal in the Arthus phenomenon; although, 
it should be stated that the antihistamine 
agents, pyribenzamine and benadrjd, likewise 
fail to inhibit the development of tliis phe- 
nomenon.^^ However, Kyser, hlcCarter, 
and Stengle have recently reported that anti- 
histamine drugs impede the development of 
myocardial lesions in rabbits injected with 
horse serum.^- Since gold sodium thiosulfate 
does not appear to alter these manifestations 
of e,xperimental sensitivity, it seems reason- 
able to assume that the beneficial action of 
gold therapeutically also does not rest on in- 
hibition or suppression of allergic responses. 

Conclusions. (1) Gold sodium thiosulfate 
failed to protect guinea pigs against lethal 
doses of histamine and anaphylactic shock, 
and did not demonstrably alter the magni- 
tude of the Arthus phenomenon in rabbits. 
(2) These negative results suggest that the 
gold ion mediates its beneficial effects in rheu- 
matoid arthritis in ways other than by amelio- 
ration of objective allergic manifestations. 

11 Dreisb.ich, B. H., J. Allergy, 1947, in press. 

12 Kyser, P, A., !McC.artcr, J. C., and Stengle, J.. 

J. LaV. and Clin. Med., 1947, 32, 379. 
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Chemotherapy of Tuberculosis III. /« Vitro and in Vivo Activities of 

Various Compounds. 

Charles J. Duca, Roger D. Williams, and John V. Scudi. 

From the Research Laloratories of the Nepcra Chemical Co., Inc., Xepcra Pari:, Xonhers, H.T. 


Continuing our studies of antituberculosis 
agents we have examined a heterogeneous 
group of compounds in vitro, and in addition, 
the sodium formaldehyde bisulfite addition 
product of 2-butoxy-S-aminopyridine has 
been evaluated in vivo. The results of these 
studies are set forth in the experimental part. 

Experiments in vitro. The compounds, 
listed in Table I, were dissolved in Dubos’ 
medium,^ using the two-fold serial dilution 
method. The starting concentration was 64 
mg%, or if the substance was not soluble to 
that extent, a saturated solution w'as used. 
Controls were included in every series, and 
each experiment was run in duplicate. The 
organisms were the pathogenic tubercle 
bacilli, H37RV and Bl. The standard in- 
oculum was 0.1 ml of a 14 day culture in 
Dubos’ medium which had been diluted to an 
optical density of 0.2 as measured in the 
Lumetron colorimeter. Two weeks after in- 
oculation tubes were e.xamined for growth, 
and when readings were doubtful Ziehl- 
Neelsen stained smears were examined. 

It is apparent from Table I, that none of 
the chemicals listed, with the exception of 
the p-aminosalicylic acid preparations, pos- 
sess any great activity in vitro against tu- 
bercle bacilli. The differences in bacterio- 
static activity between the different samples 
of p-aminosalic\dic acid undoubtedly may be 
ascribed to differences in the purity of the 
samples. It should be noted that the findings 
with Compound 13 are completely different 
from those previously reported.^ The dif- 
ferences in activities of Compound 13, and 
p-aminosalic 3 'lic acid from those previouslv 
reported-^’-'* are almost certainly due to im- 
portant differences in technique. Compounds 
numbered 6, 7, 8, and 14 are being further 
studied. Compound 19, a commercial prod- 

1 Dutros, K. J., and Davis, B. D., J. Exp. ilcd., 
194G, 83, 409. 


uct sold under the name “Mandelamine,” has 
important antibacterial properties^’® apart 
from its antimycobacterial activity. Its effect 
on e.xperimental tuberculosis is now under 
stud3L 

Experiments in vivo. Mice of the highly 
susceptible' dba strain, average weight 20 
g, were injected intravenously with 0.1 ml 
of a suspension containing 0.1 mg of My. 
tuberculosis, strain Bl. One w’eek after in- 
fection, the animals were divided into 3 
groups. One group was given Compound 13 
mixed into the ground diet in 2% concentra- 
tion. A small group of mice was treated 
similarly, for comparative purposes, with p- 
aminosalic 3 'lic acid, the therapeutic effect of 
which is well known.®’^’® The third group of 
mice remained untreated. The food cups 
were weighed daily and the amount of drug 
which each mouse ingested ivas estimated. 
The mice were weighed twice w’eekly. Sur- 
viving animals w’ere sacrificed 32 days after 
infection. At autopsy the disease present in 
the lungs, liver, spleen, and kidne 3 's was 
graded according to its e.xtent and character. 
The scores for all organs were averaged and 
the average score, graded from 0 to 4-j-, was 
calculated for each group. A 4-|- rating in- 
dicates caseous progressive tuberculosis of 
more than 50% of each organ. 

The results of these e.xperiments are given 
in Table II. While p-aminosalic 3 ’lic acid 

2 Feinstone, W. H., Pkoc. Soc. Exp. Biol, jixd 
Med., 1946, C3, 153. 

aLclimann, J., Lancet, 1946, 1, 15. 

Youm.ms, G. P., Xorthiccstcm Vniv. Bull. 21. 
School, 1946, 20, 420. 

3 Duc.a, C. J., nnd Sendi, J. V., Peoc. Soc. Exp. 
Biol, .vxd Med., 1947, CO, 123. 

6 Scudi, J. T., .and Duc.n, C. J., J. Vrol., in press. 

~ Pierce, C., Dubos, B. J., and Middlebrook, G., 
J. Exp. Med., 1947, 80, 159. 

s Feldman, W , H., Earlson, A. G., and Hinshaw, 
11. C., Proc. Staff 2lcct. 2Iayo Clin., 1947, 22, 473. 
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T ^ -D table I. 

rS. Cofentrations fflg of the. Various Compounds VJ.ioIi Inl.ibit tlie 

Growth of Strains of Pathogenic Mj-cohacteria. Dubos’ medium., inoculum 0.1 ml, incubation 
. time, 14 daj's. 


Number 

Compound 

H37EV 

B1 

1 

p-aminosalicylio acid HCl 

0.1-25 

O.l^j 


” ” ” Lehmannt 

1.0 

1.0 

3 

” ” ” Toumanst 

1.0 

1.0 

4 

p-phenetidin HCl 

16. 

32. 

5 

acetophenetidin 

>32. 

>32. 

G 

p-acetamidobutoxybenzene 

S. 

16. 

7 

diet)iy3amiiioet}iox}'-2,4jO-tric}ilorobcn2ene HCl 
-2-iiapIithflIene HCl 

S. 

J 

s 

s. 

16. 

9 

3-hydroxy-4-methylpyridine 

>64. 

>64. 

10 

” ” -N-oxide 

>64. 

>64. 

11 

' ’ -4-mef hyI,l-2',3'-dihydroxypropyl-pyridiniiim 

chloride 

>04. 

>64. 

12 

2-methoxy-5-aminopyridine dihydrochloride 

32. 

>64. 

13 

2-butoxy-5- ” sodium formaldehvde bisulfite 

>64. 

>64. 

14 

2 -butox 3 '-o-acetamidopyridine 

S. 

32. 

15 

2',G'-diamino-2-butox3--5,5'-azopyridine 

>A 

> 4. 

16 

2-amino-6-hydrox)-pyridyi-3,4'-azo-l'-hydroxybDnzcne 

2-amino-6-hydrox3’pyrid3'l-3,4'-azo-l'-hTdroxvbenzcne 

>4. 

> 4. 

17 

>4. 

> 4. 

IS 

p,p'-di(4-hydroxy-3-earbox)’-pheny]azo) diphcnj-l sulfone 
tetrasodium salt 


32. 

19 

methenamine mandelate 

10. 

10. 


* Kumbers preceded by the symbol > indicate the concentrations of saturated solutions, 
t Obtained through the kindness of Professor Jorgen Lehmann, Sahlgrcnska S.iukhuset, 
Gothenburg, Sweden. 

+ Obtained through the kindness of Dr. Guv P. Toumans, ICorthwesfern University Medical 
School, Chicago, TJl. 


TABLE ir. 


Hesults of Tre.ating Tuberculous dba Mice with p-Aminosalieylic Acid (No. 1), and with 
2-Butox3'-g-aminopyridine Sodium Formaidehyde Bisulfite (No. 13). 


Compound No. 

Drug cone, 
in diet 

No. mice 

Avg amt 
drug ingested 
g/tg/day 

No. survivors 

Amt 

tuberculosis 

0 



15 

— 

1.5 

2-f 

13 

2% 

15 

4.5 

4 

3+ 

1 

2% 

9 

3.9 

9 

1+ 


exerts a favorable influence on tuberculous 
dba mice, Compound 13 appears to e.xert 
deleterious effects. Because the amount of 
Compound 13 ingested by the mice is more 
than twice its acute it seems probable 

that the poor results mat'' be in part attributed 
to toxic effects of the drug. 

Guinea pigs were employed in the second 
ill vivo test of Compound 13. Eight) -five 
tuberculin negative guinea pigs, average 
weight 300 g, were infected subcutaneousl.v 
in the groin with 0.5 mg (moist weight) B1 
per 500 g body weight. Eight days later, 

W. n., Friedman, H. L., Eothlauf, 
M. r., Kelly, A. Jf., and tVilliams, P. D., J. Pharm. 
ancl Erp. Thcrap., Ifl", 1^3, 


when all animals reacted to 1 mg 0. T. 
(Mantoux), they were divided into 5 groups 
and treated as follows: 

Group 1. 20 guinea pigs received Com- 

pound 13 in their food in 2% concentration. 

Group lA. 15 guinea pigs, receii’ing the 
same treatment as Group 1, were used for 
blood studies. 

Group 2. 20 guinea pigs received Com- 

pound 13 subcutaneously, 0.17 g per kg 3 
times daily at 9:00 A. IM., 5:00 P. 31., and 
12:00 31. 

Group 2 A. 15 guinea pigs, receiving the 
same treatment as Group 2, were used for 
blood studies. 

Group 3. 15 guinea pigs were used as 
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untreated controls. 

All animals ivere weighed and tuberculin 
tests (Mantoux) with 1 mg 0. T. were per- 
formed at weekly intervals. Blood, obtained 
by cardiac puncture from the animals in the 
subgroups, was used for the estimation of 
hemoglobin and Compound 13. Hemoglobin 
was measured in the Lumetron colorimeter 
and Compound 13 was measured according to 
the Marshall method.^® Blood for the latter 
test was drawn in the morning from the ani- 
mals of Group lA, and at specified intervals 
from animals of Group 2A. Each animal 
was autopsied as soon as possible after death. 
Surviving animals were sacrificed 90 days 
after infection. Upon autopsy the amount 
of tuberculosis involvement in the lungs, 
liver, spleen, and the lymphatic system was 
expressed in values proportional to the ex- 
tent and severity of the disease. As in the 
preceding experiment, a rating of 4-|- in- 
dicates that the organ exhibited widespread 
caseous lesions. The average ratings for the 
various organs represent a summary of the 
tuberculosis present in the animal. Repre- 
sentative blocks of tissue were sectioned and 
examined microscopically after staining with 
hematoxylin-eosin and with Ziehl-Neelsen 
stains. 

Upon treating the tuberculous guinea 
pigs with the drug it was found that sub- 
cutaneous administration of the drug caused 
the appearance of broad shallow ulcers at the 
site of injection. These developed 2 to 3 days 
after treatment was started, were about 1 cm 
in diameter, and sometimes penetrated to the 
underlying muscle. Six or 7 such ulcers were 
present in most of the injected animals 2 
weeks after beginning treatment. At autopsy, 
the muscle underlying these ulcers was found 
to be heavily congested over an area 3 to 4 
times the size of the idcer. At no time did 
any of the ulcers become visibly infected. 
.•Vfter about a week the ulcers healed com- 
pletely, leaving a scar covering the site of 
injection. 

-•Ml the guinea pigs reacted to 0.1 mg 0. T. 
(Mantoux) throughout the experiment. 
There were no significant differences between 

n* Bratton, A. C., nnd Mnrslialt, E. K., J. Biol. 
Chem., 3P39, 128, 337. 


the weight curves of the different groups of 
animals. Comparison of the hemoglobin 20 
and 70 days after treatment was begun: dis- 
closed a 5 to 10% decrease. This decrease 
in hemoglobin is usually found in tuberculous 
animals after the disease has become wide- 
spread and progressive. No differences be- 
tween the guinea pigs treated subcutaneously 
or orally were noted. Average concentra- 
tions of Compound 13 present in the blood 
are summarized in Table HI. In terms of 
the previously reported in vitro activity" 
adequate concentrations of the drug were 
present at all times in the circulating blood, 
but as will be seen, these levels are completely 
ineffective in the treatment of e.xperimental 
tuberculosis 

The amount of tuberculosis present at 
autopsy, and the percent of the animals which 
sutA'ived the full 90 days of the experiment, 
are listed in Table IV. Inspection of this 
table discloses no significant differences be- 
tween the different groups either in the degree 
of tuberculosis or in the number of animals 
surviving. The same results were observed 
on histological examination of representative 
sections. 

Discussion. The description by Dubos 
and Davis'^ of a liquid, synthetic medium in 
which pathogenic mycobacteria grow rapidly 
has provided investigators in the field with a 
most useful tool. In our hands, it has pro- 
vided consistent and reproducible results. 
We, therefore, agree with the observation'^ 
that, “The use of Tween 80 medium has 
greatly facilitated the study of the effects of 
antibacterial agents upon mycobacteria.” It 
was noted above that the findings with 2- 
butoxy-5-aminopyridine sodium formalde- 
hyde bisulfite are completely different from 
those previously reported,- and it was pointed 
out that the difference was due to important 
differences in technic. The results of the in 
vivo studies with this substance indicate that 
the drug is ineffective even in doses which pro- 
duce serious toxic effects as evidenced by 
early death and severe local ulceration. These 
findings ser\'e to emphasize the fact that the 
type of organism and the medium used will 

H MidaietTook, G., and regian, D., Eev. 
Titi., 3PtC, 5d, 533. 
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TABLE III, 

2-Butoxy-5-aminopjTidine Sodium Formaldeliyde Bisulfite (No. 13) Blood Concentrations in 
Guinea Pigs.* 


Group 

No. 

Blood taken 

Compound No. 
mg % avg 

13 

Bange mg % 

lA 

13 

9 A.M. 

.65 

.33-1.13 

2A 

12 

1 hr after injection 

3.2 

1.4 -5.5 

2A 

9 

3 it tt j) 

1.0 

.6 -3.2 

2A 

11 

5 ft ft ft 

.66 

.44-1.1 

2A 

9 

g ft fi ft 

.23 

.14-3.1 


* Group lA received Compound No. 13 in 2% concentration in tlie diet, and ingested it 
ad libitum. 


Group 2A animals received tlie Compound subcntaneouslv, 0.17 g per kg 3 times dailv at 
9:00 A.M., 5:00 P.M., and 12:00 31. 


TABLE IV. 


Average Amount of Tuberculosis in Guinea Pigs Treated rvitb 2-Biitoxj--5-aminopyridine Sodium 
Formaldehyde Bisulfite (Compound No. 13).*’ 


Group 

Ko. of 
guinea pigs 

Lungs 

Liver 

Spleen 

Lymph 

glands 

Summary 

% 

survivors 

1 

19 

1.1 

1.7 

1.9 

2.5 

1.7 

50 

lA 

14 

1.7 

1.7 

2.1 

2.6 

2.3 

34 

2 

18 

1.8 

1.5 

1.9 

2.9 

1.9 

30 

2A 

13 

1.1 

1.4 

2.1 

2.1 

1.6 

30 

3 

13 

1.2 

1.2 

1.9 

1.9 

1.9 

29 


* Groups 1-lA received Compound No. 13 in 2% concentration in the diet. 

Groups 2-2A received Compound No. 13 subcutaneously, 0.17 g/kg 3 times daily at 9 A.M., 
5:00 P.M., and 12:00 P.M. 

Group 3 — controls. 

The sub-groups (A) were bled by cardiac puncture for the blood studies listed in Table III. 


profoundly influence the results. When 2- 
butoxy-S-aminopyridine sodium formalde- 
hyde bisulfite was tested in vitro using non- 
virulent mycobacteria growing in Proskauer- 
Beck medium,^ the drug appeared to have a 
high order of activity. When tested against 
virulent tubercle bacilli growing in Dubos’ 
medium the activity appeared greatly less- 
ened. Since the compound is ineffective in 
the treatment of tuberculosis in vivo, it would 
appear that in this instance the latter method 
of testing gave a better indication of its in 
vivo activity. 

The finding that jMandelamine (methena- 
mine mandelate) possesses activity against 
virulent mycobacteria in vitro is of interest 
because this drug is known to be effective in 


the treatment of urinary tract infections 
caused by non-acid-fast bacteria.^- Its effect 
upon urinary tract tuberculosis is under in- 
vestigation. 

Conclusions. 1. The simthetic medium 
described by Dubos and Davis provides an 
efficient method of studying antimycobacter- 
iai agents. 2. Of 19 compounds tested in 
vitro, 4 showed sufficient activity to warrant 
further investigation. 3. 2-buto.vy-5-amino- 
pyridine sodium formaldehyde bisulfite is in- 
effective in the treatment of experimental 
tuberculosis in mice and guinea pigs. 

1= Girroll, G., .ind Allen, H. N., J. Urol., 194G, 
5T>, C74. 
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Effect of Dibenamine on Blood Pressure in Normotensive and Hypertensive 

Subjects. 

Henry HAixrovici and Howard E, Medinets. 

From the Surgical, Medical, and Meuro-psyehiatrie Divisions, Montefiore Eospital, Kew Yorl: 

City. 


Experimental evidence in animals showing 
that the sympathetic nervous system plays an 
important part in the mediation of reflex 
elevation of blood pressure has been presented 
by several authors.!---^ In h 3 ’pertensive 
patients, lowering of the blood pressure has 
been induced temporarily by means of spinaP 
or continuous caudaP anesthesia, and for 
longer duration by extensive dorsolumbar 
sympathectomy These facts are con- 
sidered generally to support the theory that a 
neurogenic factor plaj^s a primary role in 
the genesis of hypertension. 

The clinical evaluation of this neurogenic 
factor has proven to be difficult. The avail- 
able tests for determining the presence and 
degree of the neurogenic element are not 
satisfactorj' because they are non-specific or 
the drugs employed act too diffusely. Indeed, 
amytal is a central nervous system depressor, 
spinal and continuous caudal anesthesia block 
both autonomic and somatic functions, tetra- 
etlnl ammonium hydrochloride affects both 
sjntpathetic and parasympathetic ganglia® 

1 a. Ueynians, C., .and Coucknert, J. J.. C. It. Soc. 
ill Tiiiif.. lots, 4"I; I). Xlcymans, C., Surgery, 
mas. .i, -tsT. 

- Xiiwak, S. ,T. G., .aii<l W.'ilkcr, I. J., Xctv 
ICiiiihitiil ,T. Mnh, in.S9, 220, 2G9. 

a K. S., Koriimllc, C. E., Jr., .md Ilill, 

H. C„ J. .1. M. A., 1944, 120, 2IS. 

‘ (;r< }r<iry, JI., .-md Ervin, W. C., J. Lab. and 
CUii. Meil. 19!.\ .GO, 1037. 

’■ H. E. SouGnvnrtli, .T. E., and Zoliman, 

B. I... .1. A. .If. .4., loir., l.GO, 027. 

r Cr;i!R, W. .M., and .\dsini, W., Siirg. Clin. 
Xorlb America, 1030, IP, OfiO. 

r Port. M. M, and l5oberfr. E. M., J. A. .}/. A., 
IPtd, lao, 4r.7. 

^ Smittuviok. it, IE, .treh. Stirg., 1044, -lO, ISO. 
P CoUrr. E. A.. CainobcH. K, X.. Berry, E. E. L., 
Snlir. 3f. R.. Ey(ii\«. It. It., and Moe, G. K., 

Surg.. 1047, jat, 72.o. 


and depresses the resting blood pressure of 
both normotensive and hypertensive sub- 
jects.’®-“ The value of the results thus ob- 
tained is questionable. 

A drug having a relatively prolonged effect 
and capable of blocking specifically sympa- 
thetic impulses would meet the requirements 
for a desired test. Dibenamine, a new synn- 
patholytic agent, appears to possess these 
pharmacologic properties. 

In order to investigate the role of the neu- 
rogenic factor in hypertension, a study of the 
effect of dibenamine on the blood pressure 
in normotensive and hypertensive subjects 
was undertaken. 

Methods and Material. Dibenamine (N, 
N - dibenzj'l - y? - chloroethjdamine - hy'dro- 
chlor/de) is a new sjmthetic autonomic block- 
ing agent. Structurally it is related to the 
nitrogen mustards. Functionally it is a 
highly specific sympatholytic and adrenolytic 
drug.’®-’® The dibenamine* used in this in- 
vestigation was supplied in ampules as a S% 
sterile solution in 50^ alcohol, acidified for 
stability. It was administered by the intra- 
venous route. An infusion of a solution of 
0.9% sodium chloride or of 5% glucose was 
first started. When this was flowing freely, 
the desired amount of dibenamine was added 
to the flask containing 300 to 500 cc of the 
saline or glucose solution and mi.xed thorough- 
ly. The single dosage used averaged 5 mg per 

1" Bircbiitl, IE, T.iylor, It. D.. Eoivenstcin, B. E., 
and Papn, I. IE. Am. .7. .Veil. Sc., 1047. 213, 572. 
llaimoviei, IE, mipnblistied data. 

* Dibenamine w.as supplied by tbe Givaudan- 
Delavranna, Ine., Velwnniin. X’. J., through t!ie 
courtc.sy of Dr. \V. Gump, 

*2 Xieker.“nn. M., .and Goodman, L. S., ,7. 1’/iarm. 
and Krp. Thernp., 1047. 8D, 107. 

>2 llaimoviei. IE. Pnoc. .Soc. Exr. Bloc, axd 
Men.. 1P4T, G4, 4SC,. 
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kg of body weight. The total single dosage, 
regardless of weight, never exceeded 500 mg' 
in our present study. The infusion was given 
in most cases over a total period of 60 to 75 
minutes. At the completion of the dibena- 
mine administration, the vein through which 
it was given was flushed with 100 to 150 cc 
of normal saline or glucose solution. (We 
found this procedure necessary for prevent- 
ing local phlebothrombosis, which otherwise 
frequently followed dibenamine infusion in 
the early stage of this investigation). 

The effects of this drug were studied 69 
times in 38 subjects (18 normotensive and 
20 hypertensive). Among the latter, 14 were 
suffering from essential hypertension and 6 
from s 3 'stolic hypertension associated with 
arteriosclerotic cardiovascular disease. 

Arterial blood pressure was measured in 
the arm by the standard auscultatory method. 
The measurements were made in the supine, 
sitting and standing positions. The blood 
pressure (B. P.) and the pulse rate (P. R.) 
readings were taken at frequent intervals be- 
fore, during and after the infusion. In most 
instances the observations were carried out 
over a period of 24 to 72 hours. All sub- 
jects were hospitalized patients, whose blood 
pressure was recorded over a period of a few 
days or weeks before the present tests were 
undertaken. In addition, the study of B. P. 
changes preceding and following dibenamine 
administration was done under standard, 
basal conditions. After the infusion the 
patients were kept in bed for about 12 to 
24 hours. 

Results. A. Effect of dibenamine on the 
blood pressure in the supine position. 

1. Thirty tests were performed in 18 nor- 
jnotensive subjects (Table I). The average 
pre-injection B.P. was 124/73, the average 
post-injection B.P. was 122/69, with an 
average change of -2/-4. The range of varia- 
tions in the post-injection B.P. was between 
-f30 and -40 for the systolic and between 
-f-20 and -24 for the diastolic. 

2. In hypertensive subjects the effect of 
dibenamine varied with the tj'pe of hyper- 
tension. The results obtained fall into 3 

groups. V . , , 

a. The first group (Table I) includes 
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Fig. 1. 

Typical effect of dibenamine (■■) on flic rest- 
ing blood pressure and pulse rate in a case of 
benign essential hypertension. The vertic.al broken 
lines represent orthostatic blood pressure changes 
after one minute in the upright position. 

those patients with essential ]i,vpertension 
whose B. P. fell to normal or below normal 
levels. Six out of the 7 subjects in this group 
had an uncomplicated essential hypertension 
(benign phase) and one had visceral changes 
characteristic of the malignant phase of the 
disease. In the 17 tests performed in this 
group, the average pre-injection B. P. was 
1 SO/1 12, the average post-injection B. P. 
was 132/86, with an average change of 
-48/~26. 

The onset of the depression on the B. P. 
occurred occasionally^ during the infusion, 
but in most instances the fall began at or soon 
after the conclusion of the drug administra- 
tion. The maximum fall was recorded usual- 
ly within 30 to 60 minutes after the onset of 
the depression. However, in 2 instances a de- 
lay'ed response was seen, and the maximum 
depression of the B. P. was noted 2j4 and 
4)4 hours respectively after the completion 
of the dibenamine infusion. 

The return of the supine B. P. to the pre- 
injeeP'on level was gradual and took usually 
from 24 to 72 hours. Fig. 1 illustrates a 
typical response of a patient with moderately 
advanced essential hypertension. 

Thb depressor effect of dibenamine was 
usually more marked after the second and 
subsequent injections than after the first one, 
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if an interval of only 2 to 4 days elapsed be- 
tween the injections. This was noted even 
when the B. P. had returned to the pre-injec- 
tion level during the interval, and might in- 
dicate a certain cumulative effect of the drug. 
Thus the average of the lowest B. P. after 
repeated dibenamine infusion was 107/75 as 
compared to 132/86, the average of the B. P. 
after all the injections. 

b. The second group (Table I) includes 
7 patients with essential hypertension whose 
B. P. did not change significantly after the 
administration of dibenamine. All the pa- 
tients in this group had clinical manifesta- 
tions of the malignant phase of essential 
hypertension (neuroretinitis, impairment of 
the renal function, E.C.G. changes indicative 
of myocardial damage, etc.). The effect of 
dibenamine on the B. P. in this group was 
either a small depression, no change or even 
a slight rise over the pre-injection values. 
When a fall in B. P. did occur, neither the 
systolic nor the diastolic pressures ever 
reached a normal level. The average pre- 
injection B. P. was 231/136, while the aver- 
age post-injection B. P. was 204/122. 

c. The third group of hj’pertensives in- 
cludes 6 patients with systolic hypertension 
and arteriosclerotic cardiovascular disease 
(Table I). In this group the B. P. exhibited 
only slight variations, and the average pre- 
injection and post-injection values were prac- 
tically the same (177/81 and 170/79). 

B. Orthostatic changes. In most instances 
'marked postural hypotension, accompanied 
by marked tachycardia (140 to 160), was 
seen following the intravenous administration 
of dibenamine, in both normotensive and 
hypertensive subjects. The orthostatic 
changes were present usuallj’ at or soon after 
the completion of the infusion and disap- 
peared 12 to 24 hours thereafter. As a rule 
postural tachycardia outlasted by about 12 
hours postural hypotension. 

C. Other effects. The range of variations 
in the resting pulse rate was between -f36 
and -20, with an average change of -|-3. 
This applied to all groups of patients. 

Measurement of skin temperatures of the 
head and the upper and lower e.xtremities, 
under control conditions, were recorded in all 
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cases. Release of the sympathetic tone was 
apparent first in the head, second in the upper 
extremities, and last in the lower extremities. 
Delayed or absent responses were noted in 
the lower extremities of certain patients. 

Observations on these effects and others 
(pupillary changes, sweat function, pain, 
etc.) will be reported elsewhere. 

D. Side Effects. Side reactions due to the 
administration of dibenamine were either 
local or general. Local reactions included 
phlebothrombosis, which has been mentioned 
already under methods and materials, and 
pain in the arm along the vein during the 
infusion, w’hich was seen in 4 instances. Most 
general reactions were minor. Dryness of 
the mouth and congestion of the nose were 
seen in practically all cases. Drowsiness and 
transient nausea were common. The major 
side effects included vomiting in 8 instances, 
mental confusion and emotional labilit}' in 
3 cases, and one case of mental confusion with 
loss of sphincteric control and deep sleep 
lasting one hour. 

All side effects were transient. A slow, 
even rate of infusion and confinement to bed 
of the patient for about 12 hours after the 
injection, /. e. until the orthostatic hypoten- 
sion could no longer be elicited, appeared 
important factors in the prevention or re- 
duction of the side effects to a minimum.f 

Comments. The administration of dibena- 
mine resulted in a significant reduction of the 
resting B. P. of subjects with benign or 
moderately advanced essential hj^pertension 
only. These results are at variance with those 
presented by Hecht and Anderson.^-* Ortho- 
static hypotension occurred in both normo- 

t iluch care was exercised by keeping file patient 
in bed during tlie pliase of orthostatic hypotension 
because of tlie possible deleterious effect of the 
latter on tlie coronary circulation in advanecd 
cardiovascular disease. 

i-i Hecht, H. H., and Anderson, K. B., Am. J. 
Med., 1947, 3, 3. 


' tensive and h 3 fpertensive subjects. 

There is ample evidence to show that di- 
benamine is a very potent and highly specific 
adrenolytic and sjmpatholytic agent.'--'® It 
probably acts direct^ on tlie neuro-effector 
cells, where it blocks the st-mpathetic im- 
pulses or the action of s^mipathomimetic sub- 
stances (S 3 'mpathin E, epinephrine). Thus 
the B. P. changes induced by dibenamine may 
be interpreted as being due to the blockade 
of S 3 impathetic tone. 

The lowering to normal levels of the rest- 
ing blood pressure b 3 ’’ dibenamine, in sub- 
jects with benign or moderate^’- advanced 
essential h 3 'pertension onh^, tends to suggest 
that: 1. a neurogenic element, i. c. altered 
sympathetic tone is present in essential hyper- 
tension, and 2. the evaluation of this element 
b 3 r the administration of dibenamine may be 
of great help in the selection of patients when 
surgery is contemplated. 

Because of its specific sympatholytic ac- 
tion, dibenamine offers a valuable tool for 
the investigation of the neurogenic component 
of a variety of vascular conditions. Further 
study is under way. 

Sunnnary. 1. Dibenamine h 3 'drochloride, 
a new sympatholytic and adrenolytic drug 
was administered intravenously in the dosage 
of 5 mg/kg of bod 3 ' weight to normotensive 
and h 3 ’pertensive subjects. 2. Reduction to 
normal or below normal levels in resting 
arterial blood pressure was observed only in 
benign or moderateL^ advanced essential 
h 3 -pertension, but not in the malignant phase. 
Orthostatic h 3 -potension occurred in both 
normotensive and h 3 'pertensive subjects. 3. 
The depressor effect started at the end of the 
infusion and lasted 24 to 72 hours. 4. All 
side reactions were transient, and major side 
reactions occurred only in a few instances. 

5. The role of the neurogenic factor in essen- 
tial h 3 'pertension is discussed. The useful- 
ness of dibenamine in evaluating the neuro- 
genic element is suggested. 
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Early Effects of Denervation Upon Response of Muscle to Continuous 

Stimulation. 

Dwight J. Ingle and James E. Xezamis. 

From IJie Eescarch Laloratories, The Vpjohn Company, Kalamasoo, atidi. 


The gastrocnemius muscle of the normal 
rat can sustain a high rate of work for several 
days in response to direct faradic stimula- 
tion.^ The purpose of this study was to de- 
termine the early effects of cutting the sciatic 
ner\'e upon the ability of the gastrocnemius 
muscle to sustain its responsiveness. It was 
found that the response of the denervated 
muscle to a standard stimulus was decreased 
below that of sham-operated animals within 
24 hours after the neive was cut and con- 
tinued to decrease rapidly until responsive- 
ness was almost completely lost. 

Methods, ilale rats of the Sprague-Daw- 
ley strain were used. The control and ex- 
perimental animals were closely matched into 
pairs according to weight which ranged from 
310 to 350 g. The sciatic nen'e was cut Just 
above the level of the knee joint. In the 
control animals the nerve was exposed but not 
cut. The operations in Exp. 1 were done 
under barbiturate anesthesia, and the animals 
were subjected to the w’ork test immediately 
following operation. The operations in E.xp. 
2 and 3 were done under ether anesthesia, 
since there was a delay of 24 to 48 hours in 
starting the ivork test. The animals were 
prepared for the work test by the sub- 
cutaneous injection of phenobarbital sodium 
and the intraperitoneal injection of ci'clopal 
sodium. .Anesthesia was maintained through- 
out the experiment by the repeated sub- 
cutaneous injection of phenobarbital sodium. 

The animals were placed upon an animal 
board, enclosed in a temperature cabinet 
(2S°C) and prepared for the stimulation of 
muscle to lift 100 g 5 times per second, ac- 
cording to the procedure of Ingle.- A silver 
needle placed in the biceps of the thigh seived 
as one electrode, and a hemostat, which was 

‘ Heron. W. T., H.nlcs, W, Jf., .nml Incle, H. J., 
.1171. ,7. Fhih^ol, 1931, 110, 337. 

- Ingle, D. J., Fmtncrinoloyy, 1011, &i, 391. 


clamped on the lower tibia, served as the 
second electrode. The muscular contractions 
were registered on automatic work adders. 
The relative amounts of work are expressed 
as recorded revolutions, and rates of work 
as number of recorded revolutions per minute 
(RPM). Each recorder revolution represents 
approximately 400 g-cm of work. .All of the 
apparatus used was refined over that pre- 
viously described- but the principles of 
method have remained the same. .An elec- 
trical stimulator (Nerv'e Stimulator, Model 
B, Upjohn) was used which had adjustable 
amplitude, wave shape, pulse length and pulse 
frequency. A cathode ray^ oscilloscope was 
incorporated into the stimulator for observ- 
ing and calibrating the output. .A small 
amount of .AC current was imposed on that 
of the DC pulse. The frequency of pulse 
was 3 per second, its duration was 20 milli- 
seconds and its intensity was 12 milliam- 
peres. 

Experiments and Results. In Exp. 1, 12 
rats having the sciatic cut and 12 rats having 
sham operations were subjected to direct 
stimulation of the muscle immediately fol- 
lowing operation. The rates of work were 
recorded at the beginning of the experiment 
and 24, 30, 36, 48, 54, 60, and 72 hours later. 
The average rate of work for denervated 
muscle was depressed below that of the con- 
trol animals at 24 hours and decreased rap- 
idly thereafter so that only feeble responses 
were recorded after 48 hours. .At the end 
of the 72-hour test period the intensity of 
the stimulus was increased from 12 to 20 
milliamperes. The average rate of work 
increased from 0.5 to 13.2 RKM in the 
denervated muscles and from 10.2 to 15.7 
RPM in the control series. The total num- 
ber of recorder revolutions for the dener- 
vated series was 24,764 and for the control 
series 51,655. 
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In Exp. 2, 12 rats were denervated under 
ether anesthesia, and 24 hours later they 
were anesthetized with the barbiturates and 
subjected to direct stimulation of the muscle. 
The initial level of work was subnormal and 
decreased rapidly so that muscular respon- 
siveness was almost lost by 24 hours. When 
the intensity of stimulation was raised to 20 
milliamperes the average rate of work 
increased from 0.1 to 18.5 RPM. 

In Exp. 3, 12 rats were denervated and 
12 rats were sham-operated under ether 
anesthesia, and 48 hours later they were 
anesthetized with the barbiturates and sub- 
jected to direct stimulation of the muscle 
for 24 hours. The initial rates of work were 
normal for the sham-operated rats and sub- 
normal for the denervated series, hluscular 
responsiveness decreased rapidly in the latter 
series so that by 24 hours muscular contrac- 
tions were very weak. When the intensity 
of stimulation was raised to 20 milliamperes 
the average rate of work was increased from 
1.0 to 13.7 RPM in the denervated series and 
from 12.8 to 21.0 RPiM in the control series. 
The total amount of work for the denervated 



series was 6,638 recorder revolutions and 
22,187 recorder revolutions in the control 
series. 

The, data on averages for rates of work per 
minute for all animals are summarized in 
Fig. 1. 

Discussion. In these e.xperiments the 
responsiveness of the gastrocnemius muscle 
was decreased below normal within 24 hours 
following the cutting of the sciatic nerve. The 
decrease occurred in those animals which were 
kept for 24 hours before stimulation was 
started as well as in the series which were 
stimulated continuously. The performance 
of work did hasten the “fatigue” of the 
denervated muscle, as is evident from the 
curves of average performance (Fig. 1) of 
those animals which worked continuously as 
compared with the performance of rats which 
were delayed for 24 and 48 hours following 
denervation. 

The early effect of denervation upon the 
response of the muscle to direct faradic stim- 
ulation appears to be due to a rise in the 
threshold for adequate stimulation rather 
than an incapacity of the muscle to contract 
at all. When the intensity of the pulse was 
increased from 12 to 20 milliamperes at the 
end of the e.xperiment the muscle contracted 
strongly again and sustained a high rate of 
work for several hours. The response was 
less than in the sham-operated control ani- 
mals. In considering this effect it is important 
to recognize that our standard stimulus is 
optimal under ordinary e.xperimental condi- 
tions. It will elicit an optimal amount of 
total work in normal animals during several 
days, although a temporary rise in rate of 
work can be induced by a more intense 
stimulus. pulse of 20 milliamperes is sufn- 
ciently intense to cause tissue destruction 
within a period of a few hours. 

The e.\planation of the early effect of de- 
nervmtion upon tlie ability of muscle to work 
is not known to us. The loss of muscular 
responsiveness may he due to metabolic 
changes caused by denervation possibly re- 
lating to the changes which result in muscular 
atrophy. An alternati\-e e.vpianation is that 
the dying of the ner\'e fibers removes an 
important e.xcifatory mechanism from the 
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muscle. Although the response of muscle to 
direct stimulation has commonly been de- 
scribed as due to the direct exxitability of 
muscle fibers, it seems possible that the spread 
of the electrical pulse through the entire 
muscle may excite the nerve fibers which 
innervate it to play an important role in 
eliciting the response of muscle. 

Separate experiments (unpublished data) 
have been carried out to determine the effect 
of curare upon the ability of the muscle to 
sustain responsiveness to faradic stimulation. 
If it were possible to completely block the 
myoneural junction without unfavorable 
effects upon respiration and circulation, the 
structures involved in the response to the 
stimulus could be further elucidated. Normal 
rats were given continuous subcutaneous 
injections of curare for periods up to 48 hours 
In these experiments curare did not affect 
work output in any dosage which did not 
cause respiratory' failure. It was also shown 
that doses which failed to cause respiratory 


symptoms also failed to completely block the 
myrnneural junctions in the stimulated muscle. 

Summary. Male rats (310 to 350 g) w’ere 
subjected to direct faradic stimulation of the 
gastrocnemius muscle following the cutting 
of the sciatic nerve, and their work perform- 
ance was compared to that of sham-operated 
controls. When stimulation was started im- 
mediately following the operation the rate 
of work of denen'ated muscle was normal for 
several hours but was depressed below normal 
by 24 hours and continued to decrease rap- 
idly', whereas the control animals sustained a 
high rate of work. When stimulation was 
delay'ed for 24 and 48 hours following dener- 
vation, the initial contractions were sub- 
normal and decreased rapidly during con- 
tinued stimulation. When the intensity of 
the pulse was increased from 12 to 20 
milliamperes, at the end of each experiment 
there was a striking recovery in the rate of 
work of denerv'ated muscle but it remained 
below that of the sham-operated controls. 
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Rodenticidal Action of 2-Chloro-4-Dimethylamino-6-Methy]pyrimidine 

(Castrix).*" 

Kenneth P. DuBois, Kenneth W. Cochran, and John F. Thomson. 

Frnm the Universitj; of Chicago ToxicUg LaVoratorg anti the Department of Pharmaeotogii. 

University of Chicago, Chicano. 


At the close of the European phase of the 
war it was revealed that German scientists 
had developed a new rodenticide (2-chloro-4- 
dimethylamino-6-methyl-pyrimidine) which 
was known as “Castrix.” Since no data on 
the toxicity of Castrix were available in this 
country' and no antidote against accidental 
poisoning in man and domestic animals was 
known the present investigation was under- 

* Tlic work described in this p.^pcr w.as done 
under contract between tlic Medic.al Division, 
Ciieniical Corps, T. S. .\nny, and tlie 'Cniversity of 
Cliic.apo Toxicity Laboratory. Dndcr the terms of 
tliis contract tlic Chemic.al Corps neitbcT restricts 
nor is rcsiHinsiblc for tlic opinions or conclusions 
of tbc autliors. 


taken to ascertain the toxicity of Castrix to 
several species, to examine its efficacy as a 
rodenticide, and to find an effective antidote 
for the treatment of accidental poisoning. 
The results of this preliminary study demon- 
strated the high toxicity of Castrix and the 
effectiveness of pentobarbital sodium as an 
antidote against Castrix poisoning. 

Experimental. In all of the species exam- 
ined Castrix produced symptoms typical of 
central nen'ous system stimulants. Convul- 
sions occurred after a latent period of 15 to 
45 minutes following either oral or intra- 
peritoneal administration. The head re- 
tracted and the fore-legs and hind-legs were 
tetanically extended. After the tonic phase 
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TABLE I. 

Acute Toxicity of Castrix. 


Species 

Eoute of actministration 

LDjq ± S.E. 

(mg per Ijg) 

No. of animals 

Eat 

Oral 

1.25 ± 0.10 

30 

Eat 

Intraperitoneal 

1.00 ± 0.06 

132 

Mouse 

> i 

0.42 ± 0.05 

S2 

Guinea pig 

> 9 

2.G6 ± 0.10 

Go 

Eabbit 

)i 

ca. 5 

13 

Dog 

9 9 

ca. 0.5 

S 


clonic movements spread over the entire bod3' 
increasing in intensity for several seconds and 
then subsided. Several convulsive seizures 
occurred intermittently terminating with 
death after lethal doses or complete recovery 
after sublethal doses. 

The high toxicity of Castrixf to S species 
is shown by the data in Table I. No differ- 
ences in toxicity were observed when either 
aqueous or aqueous ethanol solutions (10% 
ethanol) were emplo}'ed. A comparison of 
the toxicity of Castrix to 20 male and 20 
female rats indicated that there was no sex 
difference in susceptibility. No evidence of 
tolerance was obtained when rats were given 
sublethal doses for varying periods and then 
given a lethal dose (2 mgAg) of Castrix. The 
toxicity data shown in Table I were obtained 
during the summer months. Subsequent tests 
have shown some seasonal variation in the 
toxicity of this rodenticide to rats since the 
LD30 of Castrix to Sprague-Dawlej'^ rats 
increased to 2.5 mg/kg during the winter 
months. 

To test the acceptabilit3’^ of Castrix when 
offered to rats in the food 3 groups, each 
containing S rats, were fed IVayne Dog BIox 
ad libitum and were then offered the same 
diet ground and mixed with varying amounts 
of Castrix. The acceptability and high 

TABLE II. 

Accopt .Tbility of Castrix to B.nts. 

% Castrix Time nf death 

in diet yiortality (lir) 


f tVo are indebted to Dr. J. B. Stevens of the 
Baker Cl.cmieal Co., Pldllipsburg, X.J., for the 
Castrix used in the.se e.vperimcnts. 


Iethalit3' of Castrix offered in the diet are 
shown in Table II. 

The symptoms of Castrix poisoning sug- 
gested that anti-convulsants might be effective 
antidotes. Sodium pentobarbital (Nembutal) 
was chosen for the present studies. Since 
convulsions constitute the first observable sign 
of poisoning, an antidote would have no 
practical value in man and domestic animals 
unless it were effective when administered 
during or after the onset of convulsions. 
Therefore, in these e.xperiments Nembutal was 
ne\'er administered until the first convulsion 
began in about 25 minutes after administra- 
tion of the rodenticide. 

The data in Table III show the antidotal 
action of Nembutal in Castri.x-poisoned rats. 
It is apparent from these results that at least 
10 LDjo doses of Castrix can be effectively 
counteracted b3' Nembutal. Since the animals 
which succumbed to 20 mg/kg of Castrix died 
in extreme central depression it is possible 
that more careful regulation of the dosage 
of the barbiturate might result in complete 
protection against 20 LD30 doses. 

Preliminar3' e.xperiments with dogs have 
shown that Nembutal is effective in counter- 
acting at least 15 to 20 LD,-,o doses of Castrix. 
Since it was necessarv' to prolong the treat- 
ment for at least 13 hours when 30 mg/kg 
were given to dogs it appears that Castrix is 
detoxified more siowh- in dogs than in rats. 

Sutnmary and Conclusions. .-\ powerful 
convulsive agent, Castrix (2-chloro-4- 
dimeth3’lamino-6-methvlp3'rimidine) is more 
toxic to rats than is either alpha-naphtlnd- 
thiourea* or sodium fhioroacctatc- by oral 

1 Bicbtcr, C. P.. J. Am. itcil. Assn., 10 IS, 120, 
027. 

e Kaliiibneli, E. B., Science, lOi.S, 102, 232. 
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TREBLE III. 

Treatment of Castrix Poisoning in Bats with Soflium Pentobarbital. 


Dose of Castrix 
(mg/hg) 

Pentobarbital 
initial dose 
No. of rats (mg/kg) 

Schedule of pentobarbital treatment 
Hr after Castrix 

% survival 

'l 

1.3-2 

3 

G 



45 

30 

20 



100 

5 

5 

45 

30 


20 


100 

10 

5 

45 

30 

30 


30 

100 

20 

5 

30 

30 


15 


GO 

20 

5 

30 


30 

20 

15 

GO 


and parenteral administration. Diets contain- 
ing 0.25% to 1% of Castrix are readily eaten 
by rats and are highly toxic. No perceptible 
sex difference in susceptibility and no notice- 
able tolerance were observed in rats but some 


seasonal variation in susceptibility was noted. 
Sodium pentobarbital is an effective antidote 
against at least 10 LD^o doses of Castrix 
in rats and dogs even when administered after 
convulsions have begun. 
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Lack of a Hypoglycemic Response to Intrathecal Injection of Glucose.*’ 

H. I. Wetland, R. H. Broh-Kahn, and I. Arthur Mirsky. 

From the Departments of Ncurotopy and Psijehialr!/, University of Cincinnati, and Map Insti- 
tute for Medical Itescarch, Jcicfstt Hospital, Cinrinn''^!. n 


MarinelH and Giunti have recently pre- 
sented data which clearly indicated that an 
increase in the glucose concentration of the 
spinal fluid of dog and man induced a rapid 
and pronounced reduction in the peripheral 
blood sugar level.^ Lackey failed to obtain 
similar results in dogs.- In view of the 
paucity of evidence concerning the mechan- 
isms whereby the central nervous system 
e.xerts its influence on the regulation of the 
blood sugar level, it was considered advisable 
to attempt to confirm the observations of 
Marinclli and Giunti in man. Consequently, 
we studied the influence of an increase in 
tlie cerebrospinal fluid glucose concentration 
on the blood sugar level. 

Methods. Subjects suffering from a variety 

• -tided in pnrt by Pcscnrcli Gr.ant No. 917 of 
tlio Itese.nrcli Grants Division, tJ. S. Public Itolth 
Service. 

I MarincIIi, L., ami Giunti, V., Pnoc. Soc. Exr. 
Bioe .VXD Mr.n., 1947, <55, 23. 

el.aekey, P. tV., Science, 1947, 100, GIS. 


of cerebrovascular and psychiatric disorders 
were studied after a preliminary fast of ap- 
proximately 12 hours. Samples of blood were 
obtained from the antecubital vein before 
and at interx’als after the intrathecal injection 
of glucose. Spinal fluid samples were ob- 
tained tliroughout the period of obsen’ation 
by means of an inlying needle inserted into 
the lumbar subarachnoid space. Glucose was 
injected into the spinal fluid in quantities of 
5 to 10 ml of a S% sterile solution in distilled 
water (250-500 mg) by way of either the 
cisternal or lumbar routes. The glucose con- 
centrations of both blood and spinal fluid 
were determined by the Nelson modification® 
of the Somogyi method. 

Results. The data obtained in this study 
are listed in Table I. In no instance was there 
noted any significant change in the blood sugar 
level in spite of the marked increase in the 
cerebrospinal fluid glucose content. It will 

3 Xctsoii, N., .7. Dio?. C7if m., 1944, 153, 373. 
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TABLE I. 

Blood and^jpinalFliiid Sugar Levels After Iiitraeisternal Injection of Glucose in Jlan. 



Glucose injected 
into cisterna 


Spinal fluid* sugar- 

-mg % 


Subject 

mg 

Before 

15 min. 

30 min. 

45 min. 

60 min. 

1 

250 

62 

70 

63 

04 

01 

2 

250 

76 




3 

400 

57 

1011 

913 

832 

030 

4 

500 

60 

239 

406 

761 

830 

5 

500 

60 

118 

80 

76 

120 

6 

500 

66 

65 

70 

84 

97 

7 

500 

72 

536 

736 

782 

736 

8 

500 

56 

208 

038 

742 

707 




Blood sugar — mg % 




Before 

15 min. 

30 min. 

45 min 

... ^ 

CO min. 

1 

250 

85 

82 

83 

81 

76 

2 

250 

88 

90 

94 

97 

104 

3 

400 

72 

68 

70 


71 

4 

500 

76 

76 

71 

73 

74 

5 

500 

86 

90 

88 

86 

SO 

6 

500 

79 

85 

83 

82 

82 

7 

500 

98 

95 

300 

97 

100 

8 

500 

80 

85 

91 

98 

81 


* Drawn from L4. 


also be noted that the intracisternal injection 
of glucose was followed by a marked rise 
within IS minutes in the glucose content of 
spinal fluid withdrawn from the lumbar 
region. Such a finding indicates the free 
diffusion of the injected glucose and may be 
taken as presumptive evidence that every 
part of the central nervous system w'as in 
contact with an increased concentration of 
glucose. 

Since similar results have been obtained in 
subjects free from neurologic and psjxhiatric 
disorders, it is obvious that an increase in 


the glucose level of the cerebrospinal fluid 
does not initiate a chain of reactions resulting 
in a decrease of the blood sugar level. It 
seems fairly definite, therefore, that any 
mechanisms that maj’- be involved in the 
regulation of carbohydrate metabolism by the 
central nervmus system are not significantly 
influenced by increase in the glucose content 
of the spinal fluid. 

Summary and Conclusion. Increases in the 
spinal fluid glucose concentration do not pro- 
duce any effect on the blood sugar level. 


16240 

Tnfectivitv of Sporozoites of Plasniodi/on Cathcmerium 3H2 Exposed In 
Vitro to Hen and Canary Bloods.* 


Harry Beckmam. 

From the Department of Fharmacotogy, Marquette University School of Medicine, Milwaulrc. 


In this laboratory the avian malarial para- 
site, Plasmodium cathcmerium 3H2, has been 
maintained by continu ous mosquito-canary- 

• This research w.as supported in part by a grant 
from the National Institute of Health. 


mosquito passage since February, 1937. 
During all of this time there has never been 
a failure to infect a canary'; i. c., in the rare 
instances in which a first trial has not suc- 
ceeded a second trial has always done so. But 
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it has not been possible to infect with this 
organism the great horned owl,^ the guinea 
pig," the barnyard hen, or man.® In this 
present communication there will be recorded 
the results of an attempt to determine whether 
the blood of the hen contains a factor inhib- 
itory to the sporozoites of P. cathemerhnn 
3H2 when they are e.xposed to it in vitro. 
For the purposes of the study the sporozoites 
were incubated separately but simultaneously 
for to hours in hen and canarj' bloods, 
and then the blood-sporozoite mixtures were 
injected intramuscularly into susceptible 
canaries. 

Method. Using a tuberculin syringe to 
which was attached a 24-gauge 34 -inch needle 
filled with 1% sodium heparin solution pre- 
served with 0.3% phenol, 0.2 cc of blood was 
drawn from the heart of each of 8 canaries to 
make a total of 1.6 cc. The blood was pooled 
as drawn in a rubber-stoppered S-cc vaccine 
bottle held in the mouth of the operator and 
kept in motion by a frequent bobbing of the 
head, both movement of the blood and fair 
maintenance of temperature being accom- 
plished by this maneuver. The blood was 
drawn in about 10 minutes total elapsed time 
and the bottle was then immediately placed 
in an incubator at 41.5°C, being affixed in 
the incubator to a rotor making 1 complete 
revolution per minute. Immediately after 
bleeding the canaries, an amount of blood — 
7 cc — thought to be equivalent to the fraction 
of the total drawn from the canary was taken 
by heart puncture from each of 3 hens, using 
a 3-inch “Bishop B-19” needle containing 
heparin solution in amount proportionate to 
that employed in bleeding the canaries. At 
once, 0.5 cc of each of 2 of these hen blood 
samples and 0.6 cc of the third were placed 
together in a 5-cc vaccine bottle, making a 
total of 1.6 cc as in the case of the canary 
blood. The pool of hen blood was usually 
prepared and in the incubator rotor in 5 to S 
minutes. Then as quickly as possible the 

1 llcckin.-ui, II., .nm] Ot,^, It. K., Pr.oc. Soc. Exp. 
Bioi,. .\XD Mrn., 1P40, 4.1, 477. 

2 Bfctiii.nn, II., and Smitli, J., unpublished find- 

illRS. 

•T ncehinan, 11., Pnoc. Soc. Exr. Biol, axd Med., 
1047 , 00 , 401 . 


sporozoites were prepared for addition to the 
bloods, as follows: 100 Cnlex ptpiens mos- 
quitoes that had taken an infective blood meal 
2 weeks previousl}^ were stunned by rapping 
the Kjeldahl flask in which they were con- 
tained a number of times against the palm of 
the hand, after which they were dumped into 
a small evaporating dish containing 1.0 cc 
of Locke’s solution. With a fairly large pestle 
the mosquitoes were then ground for precisely 
30 seconds; the triturate was then transferred 
to 3 layers of gauze in a small funnel pro- 
truding through a stopper into a calibrated 
centrifuge tube and washed through the 
gauze with sufficient Locke’s solution to bring 
the filtrate up to the 1.0 cc mark in the tube. 
Then the bottles of blood were taken out of 
the incubator and 0.4 cc of the sporozoite- 
containing filtrate, withdrawn from the cen- 
trifuge tube through a specially devised long 
needle with a square end and a very fine bore, 
was added to each. The bottles, which now 
contained 2 cc of a sporozoite-blood mixture, 
were at once returned to the incubator and 
rotation resumed. Thereafter, at 30-minute 
intervals through 2j4 hours, the bottles were 
taken from the incubator just long enough to 
withdraw 0.2 cc of the contents of each into 
separate tuberculin syringes, having 27-gauge 
^-inch needles attached. At each withdrawal 
period 4 clean canaries were injected intra- 
muscularly with the canary blood-sporozoite 
mixture and 4 with the hen blood-sporozoite 
mixture; each bird received 0.05 cc, an 
amount calculated to contain the sporozoites 
from 1 mosquito. The peripheral blood of 
the injected canaries was e.xamined for the 
presence of plasmodia on the 6th to 16th days, 
inclusive, following the injections, and there- 
after any canaries in whose blood organisms 
had not appeared were challenged by the bites 
of infected mosquitoes to determine whether 
or not they were still susceptible to malarial 
infection. 

JRcstdts. Tables I and II comprise the 
findings in this study. The 4 separate trials 
were made a sufficient number of weeks apart 
to permit a full cycle of events to have 
transpired in the insectory so that each trial 
was done with a new and freshly infected 
lot of mosquitoes. In Table I there i^ ex- 
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T « • ■ , ^ TABLE I. 

Infectivity of Sporozoites of P. cathcmcrium 3H2 Exposed in vitro to Hen and Canarv Blood. (Data 
from a Single Trial.) ' ' 


Exposure 

period 

(hr) 

Type of 
Wood 

Bird iSTo. 

First day 
of positive 
Wood 

Tj-pe of 
Wood 

Bird ICo. 

First day 
of positive 
Wood 

Besiilt of 
mosquito 
cJi-sJlenge 

% 

caanrj* 

1605 

9 

hen 

1497 

Kone 

Infected 



112G 

9 

3 3 

1665 

3) 

33 



1843 

S 

33 

1983 

33 

33 



1821 

S 

33 

1777 

3 3 

1 J 

1 

j j 

1579 

11 

33 

822 

3 3 

33 


f j 

1171 

10 

3 3 

817 

33 

33 


i 7 

1482 

10 

3 3 

1141 

3 3 

3 3 



69 

8 

3 3 

1024 

33 

33 

IVi 

J t 

1827 

10 

33 

1856 

33 

>3 


i 3 

1679 

10 

3 3 

SOI 

3 3 

33 


J 3 

1637 

S 

33 

850 

33 

33 


ij 

1713 

9 

33 

961 

3 3 

3 3 

2 

a 

91 

10 

33 

840 

33 

>3 


i f 

1086 

12 

33 

1073 

3 3 

33 


3 J 

1642 

9 

33 

1936 

33 

) > 


J i 

818 

11 

3 3 

878 

>3 

3 1 

2% 

t3 

61 

9 

33 

1563 

33 

31 


J 3 

1144 

13 

33 

1096* 




f 3 

1604 

10 

33 

1555 

13 

33 


> 3 

831 

11 

3 3 

76 

1 3 

33 

Totals: 

Birds 

injected 

20 

Birds 

injected 

19 

All infected 


) 3 

infected 

20 

33 

infected 

0 



* Traumatic death on day of injection. 


hibited the data irom a single trial; it will be 
noted that organisms were found in the 
peripheral blood in 8 to 13 days in all of the 
birds injected with sporozoites in canary blood 
and that no organisms were found at any time 
in those injected with sporozoites in hen blood; 
it will be further obserx^ed that all of the 
latter group of birds did rex'eal organisms in 
the peripheral blood when they were subse- 
quently bitten by infected mosquitoes. In 
Table II, comprising a summary of all the 
trials, it will be seen that of the 80 birds 
injected with sporozoites m canary blood 
97.5^ became infected, while of the 76 birds 
injected with sporozoites in hen blood onh' 
2.6% became infected; it will also be noted 
that all 74 of the latter group of birds became 
infected when subsequently challenged by 
infected mosquitoes. 

Dhcnsshn. The findings in the present 
study establish the fact that the blood of the 
hen, an animal not susceptible to 
with P. cathcmcrium 3H2, e-xerts an inhibit- 


ing action upon the sporozites of this organism 
in vitro. Coggeshall,'* stating that there is 
considerable e-x^perimental evidence in support 
of the assumption that an immune serum can 
act upon a parasite ndthout the participation 
of the cells of the host, showed that some sera 
from monke 3 's that had sumved a P. knotvlcsi 
infection completely inhibited the infectious- 
ness of the erjdhrocxdic form of the parasite 
when it was incubated xvith them for hour. 
He showed that the protective antibodies in 
such a serum can be removed by absorbing 
them fa}’’ the addition of living parasites and 
then removing both by centrifugation, but his 
e.vperimental arrangement did not lend itself 
to a study of the effect of these sera upon 
sporozoites. It seems from the work of I3 o\tP 
that the immune mechanism engendered by 
an attack of viva.v malaria in the human is 
specifically directed toward the trophozoites 


< Coggcsli.nll, L. T., Medicine, 20i3, 23, ST. 

5 Boyd, M. F., J. Act. 3M. Soc., iDi7, 0, 12. 
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TABLE IL 


Infectivitj' of Sporozoites of P. caihemcriiim 3H2 Exposed in vitro to Hen and Canary Bloods. 

(Summary of all trials.) 



Canary blood 

Hen blood 



Trial Xo. 

f 

Birds 

injected 

Birds Birds 

infected injected 

Birds 

infected 

Eosult of 
mosquito 
challenge 

1 

4 

One-half Hour Exposure. 

4 2* 

0 

O 

infected 

2 

4 

4 4 

0 

4 

> } 

3 

4 

4 4 

0 

4 

3 3 

4 

4 

4 3* 

O 

1 

33 

1 

4 

One Hour E.xposiire. 

3 4 

0 

4 

33 

O 

4 

4 4 

0 

4 

33 

3 

4 

4 4 

0 

4 

3 3 

4 

4 

4 4 

0 

4 

3 3 

1 

4 

One and One-half Hours Exposure. 
4 4 

0 

4 

3 3 

O 

4 

4 4 

0 

4 

33 

3 

4 

4 4 

0 

4 

3 3 

4 

4 

4 4 

0 

4 

y 3 

1 

4 

Two Hours E.vposurc. 

4 4 

0 

4 

3 3 

e> 

4 

4 4 

0 

4 

3 3 

3 

4 

3 4 

0 

4 

3) 

4 

4 

4 4 

0 

4 

33 

1 

4 

Two and One-h.alf Hours Exposure. 
4 4 

0 

4 

3 3 

o 

4 

4 3* 

0 

3 

33 

3 

4 

4 4 

0 

4 

>> 

4 

4 

4 4 

0 

4 

3 3 

Totals 

SO 

78 76 

2 

74 

33 


Percentage infected after e.xposuro to canarv blood 97.5 
,, ). ,, ,, ,> ,> 2.0 


* lumbers less tlian 4 reflect early deaths from injection trauma. 


(/. c., the erythrocyte phase) and not toward 
the sporozoites. JIuHigan, Russell and INIohan’’ 
reported that the sera of many species of 
normal animals and man agglutinate the 
sporozoites of P. gaUiuacciim in low dilutions 
but that agglutination in high dilutions 
occurred with only tlie sera of animals or men 
having chronic malarious infections. It was 
not determined in the present studj- whether 
the effect of the hen’s blood upon the sporo- 
zoites was an agglutinative one. Huff and 
Coulston,' failing to find cryptozoites in cana- 
ries inoculated with the sporozoites of P. gal- 
linaccum, made the assumption that the bar- 
rier must e.xist in macrophages and other 
phagocytic cells or in antagonistic 'humoral 

« Mullip.nn. II. W., Bussell, P. P., .and Jlolmn, 
B. X., .1. Mai. Inst, liuiia, 1940, ft, 513. 

~ llufr, C. G., and Coulston, P., J. Infect. Dis., 
1940, 78, 99. 


substances. Since in the present study it is 
shown that canaries injected with sporozoites 
that have been exposed to hen blood not only 
fail to become infected but can later be 
infected b\' sporozoites that have not had such 
contact, it seems likely that hen’s blood de- 
presses the sporozoites sufficiently to prevent 
the initiation by them of the e.xoerj'throcytic 
cycle. 

Siniimary. Canaries were injected intra- 
muscularly with sporozoites of P. cathcmcrium 
3H2 in pooled hen or canarj- blood, the 
spoTozoite-hlood mixtures having been incu- 
bated previously at dLS'C, with agitation, 
for periods of y^, 1, ly, 2, and 2y hours. 
Of SO canaries injected with sporozoites in 
canary blood, 97.5% became infected; of 76 
canaries injected with sporozoites in hen blood, 
2.6% became infected. All 74 canaries which 
failed to become infected when injected with 



176 


Hexokinase Activity in Tissue Preparations 


sporozoites in hen blood did become infected 
when subsequently bitten by infected mos- 
quitoes. It is felt that these findings suggest 
the existence of a factor in the blood of the 
hen that prevents the initiation by the sporo- 
zoite of the exoerythrocytic cjxle in the 
canary. 

Subsequent note: Further studies, com- 


pleted after the above manuscript was sub- 
mitted for publication, have revealed that (a) 
the inhibitory action of hen’s blood on the 
sporozoites is exerted though sodium citrate is 
used as anticoagulant instead of heparin; and 
(b) it is not lessened by agitating the blood at 
room temperature for an hour before adding 
the sporozoites to it. 
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Activity of Hexokinase Preparations from Rat Muscle.* 


Robert H. Broh-Kahn and I. Arthur Mirsky. 

(With the technical assistance of Suzanne Claugus.) 

From the May Institute for Medical Jtesearcli, The Jewish Hospital, Cincinnaii, Ohio, 


He.xokinase activit)' involves the conversion 
of an easily hydrolyzable phosphate group to 
one not easily hydrolyzable (glucose-6- 
phosphate). Since the value of the reac- 
tion mixture includes both the Po^ and the 
A7Pi but not the P in glucose-6-phosphate, 
any conversion of A7P to glucose-6-phosphate 
W’ill be reflected in a decrease in the P7 values 
during incubation. However, the calculation 
of hexokinase activity in complex systems by 
means of such changes poses a difficult prob- 
lem since transphosphorylation from ATP 
may fail to account for all of the phosphate 
changes actually occurring. 

In rat muscle preparations at least two 
other types of transfer, in addition to trans- 
phosphorylation, are often observed. Large 
increases in inorganic phosphate may occur, 
even in the presence of fluoride, due to the 
dephosphorylation of ATP by the apyrases^ 
present in such preparati ons. In addition 

* Aided by Besearcli Grant Ho. 434 of tlic 
N.ational Advisory Hcaltli Council of the tJ. S. 


Public Health Service. 

i Tile following symbols are used: Po — inor- 
ganic phosphate determined prior to hydrolysis; 

p, inorganic phosphate content determined .after 

7 minutes’ hydrolysis at 100°O in 1 N HCl; 
^ 7 P that fraction of csterified phosphate con- 

verted to inorganic phosphate by 7 minutes’ hy- 
drolysis at lOO'G in 1 N HCl (t. c., P 7 

1 Meyerhof, 0., J- Hiol. Chem., 194u, lo., lOu. 


part of the inorganic phosphate formed during 
incubation may be derived from sources other 
than the A7P, Tlie action of' the apyrases 
is accompanied by a large increase in the Po 
content, a decrease in the A7P and no change 
in the P7 value. The increase in inorganic 
phosphate from extraneous reactions is mani- 
fested by increases in both the P? and Po 
values. The increase in the P7 value indicates 
that fraction of the total increase in inorganic 
phosphate that is attributable to the de- 
phosphorylation of esters other than those 
containing easily hydrolyzable phosphate. 

In order to demonstrate he.xokinase activity 
by means of phosphorous transfers, it is essen- 
tial to compare the changes occurring during 
incubation in the absence and presence of 
glucose. If the addition of glucose failed to 
influence phosphate changes other than those 
occurring as the result of the transphosphory- 
lation catalyzed by he.xokinase, calculation of 
the activity from a determination of the effect 
of glucose on the easily hydrolyzable phos- 
phate content would be entirely feasible.- 
There is good evidence, however, that tlie 
presence of glucose may influence other reac- 
tions. Meyerhof and Geliazkowa^ demon- 


- Colowicb, S. P., and Price, TV. H.-, J. Biol. 
Chem., 1945, 157, 415. 

3 3IeycrIiof, O., and Geliazkowa, N., Arch. Bio- 
chem., 1047, 12, 405. 
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strated that, in both homogenates and ex- 
tracts of brain tissue, dephosphorylation of 
ATP occurs to a much greater degree in the 
absence than in the presence of glucose. We^ 
reported similar findings in the case of 
homogenates and extracts obtained from rat 
muscle. In the presence of fluorides the 

activit}"- of the apr^rases although markedly 
inhibited still remains appreciable. The 
inclusion of glucose in the reaction mixture 
enables the hexokinase reaction in extracts 
to proceed through its successful competition 
with the apyrases for the participation of 
ATP. Obviously, since the presence of glu- 
cose results in an inhibition of ap3Tase activ- 
ity, calculation of the he.xokinase effect bj"^ a 
comparison of the changes in the A7P after 
incubation in the absence and presence of 
glucose represents the summation of hexo- 
kinase and apjnase activity. On the other 
hand, although apyrase activity is accom- 
panied by a decrease in the A7P and an 
increase in the Po, it fails to influence the P7 
values. It is therefore perfectlj'- justifiable to 
calculate hexokinase activity from a com- 
parison of the P; changes during incubation 
in the presence and absence of glucose pro- 
vided that these two reactions are the only 
ones occurring which involve phosphate trans- 
fers to an appreciable degree. 

As a matter of fact, in rat muscle extracts 
of the type described by Colowick, Cori, and 
Slein,® the sole phosphate changes observed 
to any degree are those due to these two reac- 
tions. In homogenates, on the other hand, 
e.xtraneou5 phosphate formation is also ob- 
sen’ed. Since this latter type of transfer 
involves changes in both the P7 and Po values, 
calculation and demonstration of he.xokinase 
activit\' in homogenates forms an almost 
insoluble problem. 

Since the method of obtaining he.xokinase- 
containing extracts, as described by Colowick 
cl al.,^ yields preparations which fail to pre- 
sent such complex problems, it is obvious that 
this ti-pe of extract should preferably be 
employed for the demonstration of activity, 

■< Broli-K.ilin, IJ. H., jind Mirskv, 

Proe., 1947, O, S3. 

5 Colov.ick, .S. P., Cori, G. T., and Slein, M. TV., 
J. lliol. Chem., 3947, 108, 5S3. 
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In view of the considerations noted above, 
attempts to estimate hexokinase activity in 
homogenates may be of little avail in spite of 
the fact that such preparations may contain 
large amounts of the desired system. The 
data in Table I illustrate these points. . 

Summary. The activity of apyrase sys- 
tems and e-\traneous phosphate formation 


interfere with the determination of hexokinase 
activity in rat muscle homogenates. Hexo- 
kinase activity in rat muscle e.\tracts is best 
calculated from changes in the Pj values 
during incubation, a procedure which avoids 
the complication of the inhibition of apyrases 
b}’^ hexokinase activity. 
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Anemia in Rats Infested with Bartonella nitiris and Injected with Pteroyl- 

glutamic Acid.* 

Hilda M. Sjiith and Frederick E. Emery. 

From the Department of Physiology and Pharmacology, University of Arkansas, Little Poel:, 

Arh. 


An active infestation of Bartonella murk 
in rats leads to an acute anemia, hemo- 
globinuria, emaciation, and usually death.*"* 
In our e.xperience the number that die may 
be reduced somewhat by injecting the infested 
blood into the rat several days or weeks before 
the spleen is removed rather than giving it 
immediately after splenectomy. Deatli rate 
has varied considerabl}'^ in our rats, being 
around 50% a few years ago*'*’ and about 
25% in the present study. Several efforts 
have been made to discover a satisfactory 
treatment for this disease. Some substances 
such as arsenicals,® extracts of spleen, copper, 
and iron,' have been found to be beneficial. 
Negative results were obtained in the treat- 

* Research Paper No. S7G, Journal Scries, Uni- 
versity of Arkansas. 

iPorcl, W. W., and Eliot, C. P., J. Fxp. Med., 
192S, 48, 475. 

2 McClusldc, J. A. W., and Niven, Janet, J. Path, 
and Pact., 1934, 39, 1S5. 

3 XVeininau, U., L. Infect. Dis., 193S, 03, 1. 

■1 Emery, P. E., Pnoc. Soc. Exp. Biol, axd Med., 
1940, 44, 5C. 

n Emery, F. E., Bugelski, T. S., and Seliw.ahc, 
E. L., Endocrinology, 1940, 20, 107. 

C Mayer, M., Borcliardt, ^7., and Kikuth, W., 
Klin. TTschr., 1920, 5, 559. 

I Perla, D., and Marmorston-Gotlesman, J., 

J. Exp. Med., 1932, 30, 777, 783. 


ment of the infestation with sulfanilamide.'' 

Since pteroylglutamic acid (PG.A, folic 
acid) was found to be helpful in anemias of 
different types®'" it was decided to try' it in 
rats made anemic by Bartonella murk 
infestation. 

The rats used in these e.xperiments were 
nearly full grown albino males fed on Purina 
laboratory chow (containing 2.4 yg of PG.-^ 
per g).t They ate appro.ximately 15 g per 
day at the start and much less during the 
severe anemia. They were injected intra- 
peritoneally, with saline containing blood 
taken from rats suffering from acute infesta- 
tion of Bartonella murk. Several days to 
weeks later they were prepared for operation, 
etherized and the spleen removed. Hemo- 
globin estimations and red cell counts were 
done every 3 to 6 days for several weeks. The 
hemoglobin was determined by the Sahli 
method. These readings were checked with 
the photoelectric acid hematin method for 
hemoglobin and found to be consistently only 
slightly higher. The Sahli method was there- 

3 Higgins, G. M., Proc. Staff Meet. Mayo Clin., 
1944, 19, 329. 

DKoniberg, A., T.ubor, II., and Sebrell, IV. H., 
Am. .T. Physiol, 1944, 142, 004. 

t tVe are indebted to Jtrs. Edith S. Sims for 
llicse determinations and for the PG.V .solutions 
used. 
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Two lower curves hemoglobin in grains of splc- 
nectomized rats infested with BartoncUa mttris. 
Mean values for twenty animals included in each 
curve. Two upper curves red blood cells in millions. 

fore considered to be very satisfactorj' for 
these e-x-periments. 

Some of the rats in each group were gK'en 
daily intramuscular injections of 40 pg of 
pteroylglutamic acid. The means (for 20 
animals in each group) at interv'als of 
days, arranged as curves of hemoglobin in 
grams and red cell counts in millions, are 
shown in Fig. 1. It will be noted that the 
spread between the treated and control groups 
is narrow for about 18 days and widens con- 
siderably thereafter. This is taken to indicate 
that pteroylglutamic acid aids new cell forma- 
tion and in this way keeps the blood count 
up above the untreated rats during the pro- 
gressive anemia of the Bartonella infestation; 
after the anemia has reached its lowest level, 
and blood regeneration e.\ceeds red cell break- 
down, then the injected animals have consid- 
erable more capacity for new red cell forma- 
tion than the controls as the cun'es clearly 
show. This gives rise to analysis of the curve 
in two parts. The mean for all the hemo- 
globin determinations during the first 18 days 


in the injected rats has been compared with 
the mean hemoglobin content of the untreated 
rats and found to give a mean difference which 
is very significant, being more than 5 times 
the standard error of the difference. A similar 
comparison from the nineteenth to thirty-fifth 
day showed the mean difference in hemoglobin 
at this end of the curve to be over 10 times 
the standard error of the difference. Likewise 
the red cell count is also significantly higher 
in the rats treated with pteroylglutamic acid 
and the results of the analysis for this data 
are similar to those described for hemoglobin. 
From these data it is obvious that pteroyl- 
glutamic acid is beneficial in holding the 
•hemoglobin and numbers of red cells in the 
treated rats above those of the controls. From 
Fig. 1 it may be seen that the curves for the 
injected rats are above the controls as early 
as lyi days after splenectomy and after 
injections of pteroylglutamic acid were 
started. The data are not numerous enough 
to establish a significant difference between 
the cur\'es at this point. If the curv'es are 
different as early as 2J4 days it would be 
interesting information on the function of 
pteroylglutamic acid and may suggest a role 
aside from red cell formation. On the other 
■hand the formation of new cells in numbers 
sufficient to be detected in the general circu- 
lation might occur in a few days in these 
anemic rats. Since there was some PG.\ in 
the food these results would probably be all 
the more striking in rats on a PG.-V-free diet. 

Summary. Hemoglobin and red cell esti- 
mations have been done on the blood of rats 
made anemic by splenectomy and Barlouclla 
vturis infestation. Animals injected with 
pteroylglutamic acid show hemoglobin and 
red cells at higher levels than those of the 
untreated controls. Cun-es made from this 
data show the treated animals much less 
anemic than the controls for a period of 35 
days or longer. 
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Do Chromosomes Manifest Osmotic Volume Change? 
Herbert Shapiro, 

From the Marine Biological Bahoratory, Woods Bolt, Mass. 


In an earlier study^ it was shown that the 
nucleus of the immature starfish egg in the 
germinal vesicle stage undergoes a kinetics 
of swelling and shrinking which is formally 
similar to that of the egg as a whole. Ob- 
servations made also on equilibrium volumes 
indicated that the germinal vesicle contains 
a smaller percentage of osmotically inactive 
material than does the cytoplasm in this cell. 
The advantage of studying the nucleus in the 
germinal vesicle stage is that its si 2 e is large 
enough to realize sufficiently accurate diam- 
eter measurements under high dry magnifica- 
tion. IVhen the egg matures, the nucleus 
becomes very much smaller, and direct meas- 
urements are rendered considerably more 
difficult by this method. 

In the spermatozoon, the chromosomes are 
compressed into the smallest possible volume 
in an animal cell, nearly devoid of cytoplasm, 
hence an examination of the osmotic proper- 
ties of the sperm affords the nearest approach 
to an intracellular study of the osmotic prop- 
erties of the chromosomes themselves, in the 
intact living cell. Since spermatozoa are not 
spherical, and moreover are so small, it is 
necessary to use some method other than 
direct microscopic measurement, such as cen- 
trifuging, for estimation of cell volume. Ap- 
parently the first to study this quantitatively 
(though not with reference to the question of 
chromosome swelling) was Hamburger- who 
obtained an average value of 72.8% for the 
“Geriistvolum” (literally, “framework vol- 
ume”: operationally, the equivalent of “osmot- 

1 Beck, L. V., nncl Shapiro, II., Paoc. Soc. Exr. 
Bwt. .A.XD JIzD., 193G, 34, 170. 

2 Ilambuigor, H. .T., Osmotischcr Bruch vml 
lonenlchrc, lf»04. Wies)).a(li'ii, .1. F. Borgmaim. 
Vol. 3. p. 4. Bic Voluiii:iJi(lcruii"cn (It'r .Spermato- 
zoon uiiter (Ion Einfluss I.ypertoiii5eh(;r iind Iirpiso- 
toniselier Salzlosung. 

3 Enoke, B.. and ileCutchcon, JI., Plnjsiol. Bcr.. 
1032. 12 , GS. 


ically inactive fraction”®) of frog spermatozoa. 
In arriving at this value, he used low cen- 
trifugal forces (1800 or 3000 r.p.m., no radius 
stated) and placed the sperm in solutions of 
pure NaCl, a procedure known to be toxic 
to a variet}^ of celis.^ It was therefore de- 
cided to investigate the matter in a species 
w'here sperm are readily available in abun- 
dance, using a balanced ionic environment 
and a centrifugal force adequate to pack the 
cells quantitatively, and to test the applica- 
bility of the Boyle-v'an't Hoff law. 

According to Harvej' and Anderson® the 
Arbacia sperm has a pointed head with a 
flattened base (2 wide) adjacent to a short 
slightly narrower middle piece which seems to 
contain a pair of spherical bodies. The length 
of the head and middle piece is approximately 
4 fi. The length of the tail is about 4S p. 
Direct observations of swelling to about twice 
their original size were made of sperm placed 
in distilled water. Electron microscope ob- 
servations revealed the tail to be composed 
of about 10 strands of uniform thickness, each 
about 50 Wft in diameter. Owing to the thick- 
ness of the heads, it was not possible to make 
out any discrete internal structure. 

Procedure. Sperm were obtained from ripe 
testes of the sea urchin, Arbacia puuctulaia, 
by excision from the animal, and allowing the 
spermatic fluid to exude as a viscous creamy 
suspension into a slender dish. The material 
ivas pipetted into a test tube and centrifuged 
lightly in order to throw down any gross tissue 
particles. This still left the bulk of the sperm 
in suspension, occupying from 23.5 to 27.S^ 
of the total volume. HyTiofonic sea irater solu- 
tions, varying in concentration from 1% to 
80%, were made up fresh each day. Owing 
to the fact that the cell volume is only a 
fraction of the spermatic fluid, mixture with 

Eoclj, .1., P/Jvpcr’s Jrch., 1003, 07 , 304. 

.3 Il.nrvcy, E. B., .nnd Anderson, T. F., Biot. Bull., 
1043 , Hr,. 1 51 . 
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the hypotonic sea waters yielded a range of 
resultant effective osmotic concentrations of 
42.4 to 88.5% sea water. 

The spermatic fluid was pipetted in 0.1 ml 
aliquots into small shell vials, an equal quan- 
tity of hypotonic sea water was added to each 
vial, and the contents mixed thoroughly. The 
shell vial was covered with a cover slip, and 
from 50 minutes to 2 hours allowed for the 
attainment of osmotic equilibrium at room 
temperature (about 25°C). Specially drawn 
capillary tubing was used, of uniform bore 
(approx. 0.39 mm, checked by microscope 
measurements of diameters at both ends) and 
outside diameter, 0.56 mm. The tubing was 
cut up into lengths of about 43 mm, and from 
30 to 35 mm of diluted sperm suspension 
drawn up by capillarity, following which the 
opposite end was sealed off in a microflame. 
The perfection of each seal was checked by 
microscopic e.xamination. Centrifuging (15 
to 17 minutes duration) was carried out in an 
air turbine, at appro.ximately 20,000 times 
gravity, in a steel rotor made available through 
the courtesy of Dr. A. K. Parpart. Column 
lengths were measured under a binocular dis- 
secting microscope with the aid of a metric 
steel rule. At this centrifugal force erythro- 
cytes are completely packed; for Arbacia eggs 
it has been estimated that a minimal centrifu- 
gal force of 4330 X gravity is required to 
pack the cells completely.® The exact force 
at which complete packing is attained will be 
related to the physical properties of the cell 
in question, and to the mediumJ 

Cotiditioii of the Sperm. The phj’siological 
state of the sperm cells was studied after 
swelling by microscopic observation of their 
motility and of fertilizing power. In all the 
dilutions employed, numerous highly active 
sperm were observed. As the packed sperm 
were allowed to rest in the capillary' tube after 
centrifuging, the cell column length increased 
slightly with time, apparently due to sperm 
at the free end of the column migrating into 
Uie supernatant fluid. \^Tien swollen sperm 
were returned to a suspension of eggs in 
normal sea water, high percentages of mem- 

.Sliapiro, 11., JSiot. Sull., 1P35, C8, 303. 

■ C/., for cx.miplc, Jolinson, F. II., and Harvey, 
E. N., .1. Cell, and Comp. Phpsiot., 1937, 0, 303. 



Fig. 1. 

Showing the applicability of the Boylo-van’t 
Hoff law to eqnilibrium volumes of sea urchiu 
sperm swollen in various dilutions of sea wafer. 

brane formation and cleavage ensued, demon- 
strating that the sperm had not been irre- 
versibly affected by the swelling process. 

Results. Fiftj'-six determinations were car- 
ried out, the results of which are summarized 
in Fig. 1, which is a plot of relative sperm 
volume against the reciprocal of the osmotic 
pressure of the medium. A- rectilinear rela- 
tion indicates the applicability of the Boyle- 
van’t Hoff law, 

P (V - b) = k, 

where P, V, b, and k represent respectively 
osmotic pressure, cell volume, osmotically 
inactive fraction, and a constant. Extra- 
polation of the curve to the zero ordinate 
(not shown) ydelds an average value for “b,” 
the “osmotically inactive fraction,’’ of 33%, 
a value in the same region as that observed 
for other cells (c. g., in unfertilized Chaetop- 
terus eggs, “b” is 38.8%.«) The best average 
curve, fitted visually', has been drawn through 
the data. Application of the Criterion of 
Least Squares shows that the line so drawn 
lies close to one computed by' least squares. 
Although the plotted experimental points in 
Fig, 1 show a fair amount of scatter, it is 
essential to note that if lines with the greatest 

ssiinpiro, H., J. Cell, and Comp. Physiol., 

18, 143. ’ 
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and least slope reasonabl}'- possible be drawn 
that “b” will have a maximum possible value 
of approx. 48%, and a minimum value of 
approx. 18%. 

Discussion. Since the chromosomes appear 
to constitute the bulk of the content of the 
spermatozoon, it appears from this result that 
they must partake in the osmotic swelling of 
the cell. If the chromosomes did not swell, 
the value obtained for “b” would be very high, 
of the order of 90% or more, judging from 
the standard cjdological pictures of sperm 
heads. In so reacting to hypotonic solutions, 
the chromosomes display an osmotic pattern 
shared by other formed elements within the 
nucleus and the cytoplasm, viz., the nucleolus, 
and the diverse types of granules which under- 
go osmotic volume changes. The value of 
72% obtained by Hamburger for frog sperm 
may be due to a species difference or to the 
differing circumstances, alluded to in the 
introduction, in which the experimental deter- 
minations were carried out. 

Churney*’ studied the swelling of the ger- 
minal vesicle in immature eggs of Arbacia 
punctulata and Nereis Uvibata. Unfortun- 

9 Olmriie.v, L., Biol. Bull., 1942, 82, 52. 


ately, no calculations of osmotically inactive 
fraction were given. He concluded that “the 
experiments failed to re\’eal any appreciable 
amount of osmotically inactive material in 
either of the nuclei.” An interesting observa- 
tion was also briefl 3 ’^ reported in a footnote to 
the effect that “the giant chromosomes of the 
salivar}'- gland cells of Sciara coprophila and 
of Chironomus sp. swell and shrink reversibly 
in anisotonic solutions.” Quantitative data 
were not furnished. 

Summary. A. The applicabilitj' of the 
Boyde-van’t Hoff law to the swelling of 
spermatozoa of the sea urchin, Arbacia punc- 
tulata, in hy'potonic solutions of effective con- 
centrations varj'ing from 42.4 to SS.5% sea 
water was investigated. Cell volumes were 
determined by centrifuging in small capillaries 
in an air turbine at 20,000 X gravity. 

B. In the range of dilutions emploj'ed, the 
Boyle-van’t Hoff law appeared to be followed. 
The “osmotically inactive fraction” (“b”) 
averaged 33%. Thus the sperm head, which 
is chiefly' chromosomal material, has a non- 
sw'ellable volume which does not differ greatly 
from that of certain other cells. The results 
indicate that the chromosomes take part in 
the osmotic swelling of the cell. 
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An Investigation of Transmethylation from N’-Methylnicotinamide 


Elizabeth B. Keller, John L. Wood,* and AbNCENT du IhoNEAUD. 

From iJiC Bepartment of Biochemistry, Coritcil University .Uedical Colleyc, Xcw Borl- City. 


With the discovery that nicotinamide is 
methylated in the animal body to give 
N*-methy'Inicotinamide^ it became of interest 
to know’ whether this product is a methyl 
donor in the biological synthesis of X- and S- 
methyl compounds. One approach to this prob- 
lem lias been the study of the lipotropic acliv- 
itv of X'-methydnicotinamide when added to 
a’ methyl-deficient diet. Najjar and^ c^- 


niwrossi School of Eiolofrk’al .Sciences, 

The rnivevsity of Tennessee. 

J lIufT, .T. E'.. Perlzwcip. • A., J. Biol. 

CUem., 1943. 130, 395. 


workers-’® have presented data to show that 
N'‘-methy]nicotinamide has some lipotropic 
action in the rat, whereas Handler and Dubin^ 
found in a similar e.xperiment that it had no 
activity in preventing the development of 
fatty' livers. 

We wish to report here an e.vperimcnt of 

2 Xujjur, V. A., and Dc.al, G. 0., J. Biol. Chrm., 
lOiG. 102, rJI. 

3 X.'ijjnr, V. A., :ind BatcIHic, I. JI., Bull. Johns 
Hopl-ins llosp., 1.0J7, 80, 342. 

Ilnndlcr, P., and Diihin, I. N., J. Xulrition, 
194G. at, 141. 
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TABLE I. 

Feeding Experiment •'vitli Fi-dcutcriomethyinieotinamide (SC.O Atom % D in the Xlctlirl Group). 




Deuterium content of isolated compounds 


Change in 

Total amt of-test 

r 

Clioliue cliloro- 

\ 

Creatinine potassium 


body wt 

compound ingested 

platinate 

picrate 

Eat Ko., Sex 

g 

mg 

atom % 

atom 9c 

13 $ 

7G-8G 

720 

0.00 ■+■ .09 

0.00 ± .07 

14 3 

79-94 

840 

0.06 ± .13 

0.00 ±: .00 


direct nature testing whether N^-methylnico- 
tinamide can function as a methyl donor in 
the body by labeling the methyl group of this 
compound with deuterium. N^-deuterio- 
methylnicotinamide chloride was synthesized 
and fed to 2 growing rats for 6 days. At the 
end of this time the rats were killed and the 
body choline and creatine isolated. Analysis 
of the isolated compounds showed that no 
deuterium was present indicating that no 
transmethylation from N^-methjdnicotinamide 
to choline or creatine had occurred. 

Expcrhncntal. Synthesis of N^-deutcrio- 
victhyluicotinamidc chloride (CD 3 N(C 1 )- 
CsHjCONHa). This compound was prepared 
from deuteriomethyl iodide^ and nicotinamide 
by the method of Karrer ct alS Two prepara- 
tions were made, and weighed amounts of the 
two were mi.xed for the feeding e.xperiment. 
For the determination of the deuterium con- 
tent, the compound was burned, the water 
collected, purified, and the D^O'.HsO ratio 
therein was measured by the falling drop 
method.' From the results obtained it was 
calculated that the compound contained 86.0 
atom % deuterium in the methyl group. 

Analysis. N’-dcuteriomethylnicotinamide 
chloride. 

Prcpar.ntion 1. C.iJcul.nfpd.t C ,}S.O; found, C. 47.!). 
Prep.nration 2, Calcul.-itccl, C 4S.0; foima, C 47.7. 

Cda VignMud, A\, Cohn, XI., Cliandicr, J. P.j 
Schcnch, J. It., and Siinmonds. S., J. Siol. Chem., 
1041, 140, 025. 

c Karrer, P,, Schivarzcub.ach, G., Benz, F., and 
Solmsscn, XT., Hclv. Chim. Acta, 1030, 19, Sll. 

‘ Cohn, XI., in Biison, D. AV., Frcimration and 
jfcasurement of Isotopic Tracers, J. AV. Edwards, 
Ann Arbor, 1040, p. 51. 

t Calculated values arc based on an increased 
molecular weight due to the deuterium in the 
molecule. 


Feeding Experiment. Two young litter- 
mate male rats Ai’ere used. During a control 
period of 3 days they were fed ad libitum a 
diet of the following percentage composition: 
casein 18, sucrose 58, hj'drogenated vegetable 
oil 19, corn oil 1, Osborne and hlendel salt 
mixture 4. In addition 100 g of the diet con- 
tained 20 mg choline chloride, 2 mg each of 
thiamine hydrochloride, riboflavin, pyridoxine 
hydrochloride, and nicotinic acid, 4 mg 
calcium-d-pantothenate, 4000 U.S.P. units 
vitamin A, 400 U.S.P. units vitamin D, and 
1 mg a-tocopherol acetate. 

After the 3-day control period, 2% NU 
deuteriomethylnicotinamide chloride was put 
in the diet replacing an equivalent amount of 
sucrose. The 2 rats were pair fed. On the 
6th day of feeding the test compound, rat 13 
failed to eat. It was therefore killed, and 
autopsy showed that the kidnej’s were hem- 
orrhagic. The kidneys of rat 14, which was 
killed at the same time, appeared to be nor- 
mal. The changes in bodj'- weight and the 
amounts of N*-deuteriomethjdnicotinamide 
chloride ingested are given in Table I. 

Creatine was isolated from the carcass of 
each rat as creatinine potassium picrate,-' the 
purity of which Avas determined colorimet- 
rically b}- the Jaffe reaction. Choline was 
isolated as choline chloroplatinate.® 

.Analysis. Choline chloroplatinate. 

Eat 13— Calcul.atctl, Pt. 31.7; found, Pt. 31.7. 

Eat 14— Calculated, Pt. 31.7; found, Pt. 31.5. 

The isolated compounds were analyzed for 
deuterium by the method mentioned above, 
and the values obtained are given in Table l! 

Discussion. The isolated choline and 
creatine contained no deuterium. Thus, under 
the conditions of tliis experiment, there was 
no detectable transmethylation from N’- 
methylnicotinamide to choline or creatine 
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From the work of Handler and Dann/ and 
Perhweig, Bernheim, and Bernheim,® as well 
as several more recent studies, evidence has 
accumulated to indicate that nicotinamide is 
methylated in the body by a transfer of methjd 
groups from a methyl donor. It would appear 
from the results of the present experiment as 
well as the experiment of Handler and Dubin^ 
that this transfer must be an irreversible 
process. In this respect N^-methylnicotin- 
amide would be similar to creatine.^® 

It has been demonstrated in several instances 
that a compound may be inactive as a methyl 
donor and yet active as a lipotropic agent or 
in the prevention of hemorrhagic kidneys.^^ 
With regard to the latter, we found N^- 
methylnicotinamide to be inactive. In pre- 
liminary experiments which we had carried 
out, we had put some 3'oung rats on a purified 
diet containing 2^ N^-methylnicotinamide 
with no added choline, and these rats died in 
about a week from hemorrhagic kidneys. With 
regard to lipotropic action, Handler and 
Dubin^ found that N^-methylnicotinamide did 
not prevent the development of fatty livers. 
On the other hand, Najjar and coworkers®’® 
observed some lipotropic action from the com- 
pound. They pointed out® that the slight 
lipotropic action which they observed might 
be ascribed to one of a number of factors, for 
example, a sparing action of the N^-methyl- 

S Handler, P., and Dann, W. J., J. Siol. Client., 
19i2, 146, 357. 

oPerlzweig, "W. A., Bernlieini, M. L. C., and 
Bernlieim, P., J. Biol. Cliem,, 1943, 130, 401. 

lOSimmonds, S., and du Vigne.iud, V., Proc. 
Soc. Exp. Biol, and Med., 1945, 39, 293, 

11 Moyer, A. W., and du Vigneaud, V., J. Biol. 
Chern., 1942, 143, 373. 


nicotinamide on the methionine and choline 
in the diet which thej' used. 

It will be noted that a small amount of 
choline was present in the diet during the 
period of feeding N^-deuteriomethjdnicotin- 
amide in the present e.\-periment. The choline 
was included in an attempt to forestall ter- 
mination of the e.xperiment by loss of the 
animals from severe hemorrhagic kidney 
involv'ement. If transmethylation from A't- 
methylnicotinamide to choline could take 
place one would e.xpect the deuteriomethi’l 
group to appear in the isolated choline even 
in the presence of some choline in the diet. 
This assumption is based on tlie fact that in 
several experiments carried out in this labora- 
torjf, transmethjdation from deuteriomethio- 
nine to choline has been found to occur even 
w'hen choline was present in the diet.®® 

It is of interest that trigonelline, N-methyl- 
nicotinic acid betaine, has likewise been shown 
to be inactive as a methyl donor.®’®® 
Summary. N®-methjdnicotinamide labeled 
in the methyl group with deuterium was fed 
to two rats for 6 days. Anaij'sis of the body 
choline and creatine of these rats for deuterium 
showed that there was no detectable trans- 
methylation from N®-methy]nicotinamide to 
choline or creatine during this period. 

The authors wish to e.xpress their appreciation 
to Miss Josephine E. Tietzman for the an-alyscs 
reported in this paper. The authors also wish to 
acknowledge a grant-in-aid from the Bederle Eab- 
oratories Division, Americ-in Cyanamid Company, 
wliich has contributed to the support of this inves- 
tigation. 

12 Schonck, J. B., Simmons, S., Cohn, M., Ste- 
vens, C. M., and du Vigneaud, V., J. Biol. Chem., 
1943, 149, 355. 
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Skeletal Changes in Growing Vitamin B Complex Depleted Rats and the 

Course of Repair. 

Martin Silberberg, Barnet M. Lev\'-, and Fred Younger. 

From the Snodgras Laloratory of Pathology, City Hospital of St. Louis, the Department of 
Oral Pathology, Washington University School of Dentistry, and the Fcscarch Laloratory, 
Anheuser Busch, Inc., St. Louis, Mo. 


In continuation of our investigations on the 
response of the skeletal tissues to vitamin 
deficiencies, we have now analyzed the growth 
and development of the long bones in vitamin 
B comple.v depleted young rats. The course 
of repair after refeeding has also been studied. 

Material and Methods. Fifty-five rats of 
the Wisconsin strain (24 males and 31 
females), 19 to 22 days old, were divided into 
3 groups, littermates and animals of the same 
sex being equally distributed among these 
groups. 

Scries I. 12 rats were kept on water and a 
stock diet composed as follows: 




Yellow corn nio.il 

01.55 

Powdcrcil whole milk 

9.15 

Powdered skim milk 

9.15 

Linseed meal 

3.80 

Wheat germ 

1.44 

Crude casein 

9.03 

Alfalfa leaf meal 

9.03 

Dried brewer’s yeast 

0.90 

Sodium chloride 

0.39 

Calcium carbonate 

0.39 

Cod liver oil 

0.90 

Crisco 

2.89 


100.00 

These rats were killed after 18, 

24, 30, 

40 da\’s. 


Series II. 21 animals received 

water ; 

the following vitamin B-free diet: 



g 5e 

Casein (Vit.-frcc) 

IS 

Starch (Anhenser-Busch (Vit.-free) 02 

Merck salt mi.vturc No. 1 

4 

Cod liver oil (Mead .Tohnson) 

O 

Crisco 

14 


100 


The duration of the experiments was the 
same as in Series I, unless the poor condition 
of the animals necessitated an earlier sacrifice. 

Series HI. 22 rats received water and the 
deficient diet, but they were subsequently 
refed the stock diet for 5, 10, 21 or 30 days. 


As a rule, refeeding was begun after 3 weeks. 
The rats were weighed once a week. At the 
end of the e.xperiment, the animals together 
with their controls were killed with chloro- 
form. The upper end of the tibia and tlie 
lower end of the femur were removed as a 
whole, fi.xed in 10% formalin, decalcified in a 
formic acid-citrate mixture,^ and embedded in 
paraffin. Slides, stained with hematoxylin 
and eosin, were prepared for histological 
studies. The width of the epiphyseal disc and 
of the cortex of the tibia was measured with 
an objectmicrometer, and average values 
were established. The number of trabeculae 
in the metaphysis of the tibia present in a 
standard area measuring 350 microns in diam- 
eter was counted. 

Gross Observations. At the beginning of 
the obsen-ations, the mean weight of the 
males was 42 ± 1 g, that of the females 
40 if: 6 g. During 18 da3's, the deficient 
animals, both male and female, gained 12 to 

14 g, whereas the normal control males 
had gained 50 g and the females 68 g. 
Subsequently, the weights of the defi- 
cient animals dropped sharply. After 24 daj's, 
the loss was 7 d: g in males and 4 ±: 3 g in 
females, and after 30 daj’s, 11 ±: 1 g in males 
and 9 d: 2 g in females. The deficient state 
was tolerated for 34 daj's by 1 male that lost 

15 g. Females were more resistant, 4 animals 
sun'iving for more than 30 da\'s, and 1 for 
40da\-s. These females lost 16 d: 4 g. After 
refeeding the stock diet for 5 da.vs, the weight 
of the males had Increased 46 d: 7 g, that of 
the females 40 d: 3 g, whereas the normal 
controls had gained 15 g in the corresponding 
period of time. After 10 daj-s, the weights of 
the refed animals still remained 25 to 30% 
below those of th e controls. After 21 daj-s, 

1 Morse, A. .T., J. Dent. Pcs., 1943, 143. 
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the weights of the refed rats began to equal 
those of the normal ones, and after 30 days, 
the weights of 2 of the refed animals sur-. 
passed those of the controls. 

Histologic Findings. In Males. After IS 
days, the changes noted in the deficient ani- 
mals were slight. The epiphi’seal disc meas- 
ured 320 microns (normal 355 microns). The 
cartilage cells were smaller and the cartilage 
cell rows shorter than usual. The latter were 
separated from each other by thin layers of 
chondromucoid ground substance. The single 
row was composed of 9 or 10 columnar and 
3 or 4 hypertrophic cartilage cells (normal 
12 columnar and 4 or 5 hypertrophic cells). 
There was mitotic proliferation of the colum- 
nar cells. The metaphysis was properly vas- 
cularized, and replacement of cartilage bjf 
bone was in progress. Whereas ordinarily 
the metaph 3 'seal standard area contained 20 
long osseous spicules, in the deficient animals 
only 16 short and thin trabeculae covered by 
small osteoblasts were counted. The articular 



Fig. 2. 



Section through tl.c VeTe^" 

a of tlie tibia of a male rat, 44 (Lays om, recei 
; the stock diet for 25 days, .atngn.fie.at.on 

4 X. 


Section through the epiphyseal disc at the tipper 
end of the tibia of a male rat, 43 days old, kept on 
the deficient diet for 21 days, ^ragnification 
104 X- Compare with Fig. 1. The cpiph.vsenl disc 
is narrowed and bone formation is markedly de- 
creased. 

cartilage cells were small. The cortc.x was 
225 microns thick (normal 255 microns). The 
endosteum contained a continuous layer of 
oblong osteoblasts. The vascular canals were 
enlarged; the periosteum was dense; the bone 
marrow was hemopoietic. 

After 24 days, the epiphyseal discs of the 
deficient animals had narrowed down to 135 
microns (Fig. 1, 2). The shortened ceil rows 
were composed of 6 to 8 small columnar and 
2 or 3 small sclerosed “hj’pertrophic” cartilage 
cells. Mitoses were not seen. The cartilag- 
inous matri.x was abundant and hj'alinized. 
The vascularization of the metapln-sis was 
diminished, and onl}' 5 trabeculae were found 
in the standard area. The spicules were very 
short, and frequently onh’' fragments of bone 
were seen. The cartilage cells of the pressure 
and hj’pertrophic zones of the joint were less 
numerous and smaller than ordinarily. The 
cortex measured 205 microns. The endosteum 
consisted of a discontinuous laj’er of small 
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osteoblasts or spindle cells with elongated 
cytoplasm. The vascular canals were filled 
with edematous connective tissue. The peri- 
osteum was loosened. In the bone marrow, 
foci of serous atrophy were noted. Subse- 
quently, the changes were still more pro- 
nounced. 

After 30 days, growth of cartilage and 
bone was at a standstill. The single cartilage 
cell row contained 5 or 6 columnar and 2 
small hypertrophic cells. Much hyaline 
matrix appeared between the cartilage cell 
rows, and a layer of preosseous material was 
seen in the distal third of the atrophic epi- 
physeal disc. jNIetaphyseal trabeculae were 
absent. Instead, a thin transverse bony 
lamella delimited the epiphyseal cartilage 
from the marrow cavity. The cartilaginous 
covering of the joint was markedly atrophic. 
The cortex of the shaft measured 135 microns. 
At its inner surface, a discontinuous larger of 
small spindle cells had taken the place of 
osteoblasts. The Haversian canals were en- 
larged and contained engorged vessels and 
edematous connective tissue. The periosteum 
was poor in cells. The bone marrow showed 
an advanced state of serous atrophy. 

■After 34 days, the epiphyseal disc was onlj' 
65 microns wide, and the single cartilage cell 
row was composed of 4 inactive columnar 
cells and 1 cell of hypertrophic type. The 
conditions were otherwise comparable to those 
seen after 30 days. 

Ill Females. The changes were of the same 
kind as in the males, but their progress was 
slower. Thus after IS days on the deficient 
diet, the epiphyseal disc was 330 microns 
wide (normal 340 microns), and the single 
cartilage cell row contained 10 or 1 1 columnar 
and 4 hypertrophic cells. The decrease in 
the size of the cartilage cells, however, was 
conspicuous. There were IS trabeculae in 
the metaphyseal standard area (normal 20). 
The cortex was of usual diameter (245 
microns). The endosteum and periosteum 
were unchanged. 

.After 24 days, the epiphyseal disc was 165 
microns high. The cartilage cell rows were 
short and composed of 7 to 9 columnar and 
4 hypertrophic cells. Both cell t\-pes were 
considerably smaller than usual. Hyaliniza- 


tion of the cartilaginous matrix was less 
accentuated than in the male. In the meta- 
physis, 8 short trabeculae covered by small 
osteoblasts were counted. The cortex was 
225 microns thick. The changes in the 
endosteum and periosteum were now com- 
parable to those seen in the male. In the 
bone marrow, a few foci of serous atrophy 
were noticeable, 

•After 30 days, conditions in the female 
had approached those in the male. After 40 
days, the epiphyseal disc had narrowed down 
to 70 microns, the single cartilage cell row 
containing 3 atrophic columnar cells and 1 
hyalinized “hypertrophic” cell. Trabeculae 
were lacking. The articular cartilage cells 
were markedly atrophic. The cortex of the 
shaft was 145 microns thick. The bone mar- 
row had undergone complete serous atroph5^ 

Ejjccts of Rcjccdiiig. After 5 days, the 
growth of the epiphyseal and articular carti- 
lages as well as endochondral and periosteal 



Pig. .1. 

Section ttironpli tte cyiphyscal disc nt tlie upper 
(•ml of flio tiliia of a male rat. STt dav.s old. kojif on 
the deficient diet for 21 day-=. and rofod Hie stocl: 
diet for o days. Magnification I 04 x. Compare 
nitii it ig. -. flrowtli of the epipiiysc-al cartilage 
and endochondral ossification arc ro'smned. 
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ossification was resumed with remarkable 
intensitj'. Mitotic proliferation of the col- 
umnar cartilage cells was accentuated, and 
their conversion into hj’pertrophic cells was 
intensified. In the male, the epiphyseal disc 
was 355 microns high (Fig. 3). There was 
little intercartilaginous ground substance pres- 
ent. The single cartilage cell row was com- 
posed of 12 or 13 columnar and 4 or 5 hyper- 
trophic cells. The standard area of the meta- 
physis contained 18 thick and long spicules 
covered by large mitotically proliferating 
osteoblasts. The cortex measured 235 
microns. The endosteum was again composed 
of large osteoblasts, and the bone marrow 
was completely regenerated. After 10 days, 
the epiphj'seal disc was 400 microns high. 
The single cartilage cell row contained 13 or 
14 columnar and 5 large hj^pertrophic cells. 
There were 27 thick interlacing trabeculae in 
the standard area. The cortex was 265 
microns thick. Endosteum and periosteum 
were not remarkable. The intensification of 
ossification was even more pronounced in tlie 
female than in the male. Gradually, the 
growth processes declined and assumed a 
normal rate in both se.xes. After 21 or 30 
days of refeeding, the histological appearance 
of the skeletal tissues did not differ from that 
of the normal controls of corresponding sex 
and age. 

Comment. In vitamin B complex defi- 
ciency, skeletal development continues for 
some time, although at a reduced rate. The 
vitamin reserves of the organism are appar- 
ently sufficient to permit these processes to 
go on for a time. The subsequent cessation 
of growth and the serous atrophy of the bone 
marrow are findings typical of inanition. They 
suggest that the food ingested was not utilized, 
probably because the vitamin reserves had 
become exhausted. The severity of these 
changes manifests itself when they are com- 
pared with those obtained previously in under- 
fed growing guinea pigs" and rats.®^ In ani- 
mals kept on a quantitatively restricted but 
adequately bala nced diet, skeletal growth pro- 

zSilberborg, M., and Silberberg, E., Arch. 
Path., 1940, 30, 075. 

3 Saxton, J. A., Jr., and Silberberg, M., Am. J. 
Allot., 1947, 81, 455. 


ceeded at a reduced rate, but it lasted longer 
than usual. Thus in rats allowed to gain only 
5 g every 50 days throughout their life, the 
long bones were only 13 to IS '% shorter than 
in normall}! fed animals.® In otlier words 
not unless the utilizable food energy is at a 
minimum and probably incompatible with 
life, can the inherent growth tendency of the 
skeleton be completely suppressed. The lack 
of thiamine in the diet may be responsible for 
loss of appetite and consequently decreased 
intake of food. However, the advanced skel- 
etal changes seen in vitamin B comple.x- 
depleted rats were out of proportion to the 
diminished intake of food and must thus be 
attributed to the lack of the vitamin B com- 
plex. Again, the male responded to the 
vitamin deficiency more readily than the 
female. At this earl 3 f age, the growth rate of 
the male is higher than that of the female. 
Any factor injurious to growth must, under 
otherwise identical conditions, necessarily 
affect the former more severely than the latter. 
If refeeding was begun before the animals 
were moribund, skeletal growth was quickly 
resumed, surpassed temporarily the normal 
rate and finalty returned to normal. These 
findings are in agreement with observations 
in the skeleton of undernourished and refed 
animals.®'® 

The present findings in vitamin B comple.x- 
depleted rats were similar to but more marked 
than those seen in mice deficient in pantothenic 
acid, or pyridoxine.® Lack of riboflavin, on 
the other hand, inhibited growth less but pro- 
duced more degenerative changes in the epi- 
physeal cartilage than total B complex defi- 
cienc 3 L‘ Serous atroph 3 ’- of the bone marrow 
was not observed if onl 3 " one of the afore- 
mentioned components of the vitamin B com- 
plex was lacking in the diet. 

Investigations are in progress to determine 

■* Jackson, C. AT., The Effects of Inanition and 
ilalnutrition upon Growth ami Structure, P. 
Bl.-ikiston ’s .Son & Co., PJiil.odclpbin, 1025. 

5 Osborne, T. B., .md Mendel, L. B., J. ISiot. 
Chem., 1914, 18, 95; 1915, 33, 439. 

c Silberberg, I?., .and Levy, B. At., Pnoc. Soc. 
Exr. Biol, .^.vd ACed., 194S, or, in pre.'s. 

rLc^-y, B. At., .and Silberberg, It., Pnoc. Soc. 
Exn. Biol, a.vd AIed., 1940, 03, 355. 
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whether the changes seen in complete vitamin 
B complex deficiency represent a cumulative 
effect of all the constituents of the complex; 
or whether in the absence of one of the con- 
stituents the others, even if present in the diet, 
cannot be properly utilized. The latter con- 
dition might then be comparable to that shown 
to exist relative to the essential amino acids.® 

Summary. In growing vitamin B complex- 
deficient rats, there is retardation and, finally, 


cessation of growth of cartilage and bone 
associated with serous atrophy of the bone 
marrow. The male is more sensitive to the 
deficiency than the female. After refeeding 
a stock diet, skeletal growth is resumed at an 
intensified rate resulting in early restoration 
of normal conditions. 

8 Cannon, P. R., Steffee, G. H., Frazier, L. J., 
Rowley, D. A., and Stcpto, R. C., Fed. Froc., 1947, 
C, 390. 
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Toxicity of Equine Serum Treated by Alkali. 

Samuel H. Zia. 

From the National Vaccine Scrum Institute, Temjde of JJearen, Pcipiiui, China. 


Observations on the removal of antigenicity 
of proteins by alkali were early made by 
Wells,^ TenBroeck- and have been confirmed 
and extended by a number of later workers. 
Recently, Davis and Eaton,® as well as Kazal, 
DeFalco and Arrow,^ paid special attention 
to the toxicity of the resulting products but 
came to apparently conflicting conclusions. 
The former found alkali-treated bovine serum 
albumin to be non-toxic for white mice, rab- 
bits, and for 2 dogs when given intravenously. 
On the other hand, Kazal ct al. confirmed an 
earlier report bj' Lewis'* that purified bovine 
plasma protein treated by sodium hj'droxide 
gained acute toxicitj* for guinea pigs as soon 
ns its antigenicit}' was lost. In view of the im- 
portance of these findings especiallj*’ in relation 
to possible practical application, it seems 
worthwhile to make a similar studv on horse 
scrum treated by alkali and to obser\'e its 
toxicity in rabbits, guinea pigs, and white 
mice. The results obtained are herewith pre- 
sented. 

1 Wi'lls. II. G., J. Inf. Vis., 1909, 0, oOG. 

2 ToiiBroeck, C., ,T. liiol. Chem., 1914, 17, 3C9. 

••1 Diivis. H. A., .and Eaton, A. G., Pr.oc. Soc. 

Exr. Biol, .vkd Mr.o., 1942, ot), 240. 

■I Kazal. L. A., DeFalco, R. .T., and Arrow, L. E., 
•T. Immunol., 194G, .H, Ot,"). 

•••I.ewis. .1. 11 ., Sricnee, 1943, US, 371 (quoted 
in I). 


.After several preliminary trials, it was 
found that one-quarter normal solution of 
sodium hydroxide would, after a period of 30 
days at 37°C, render normal horse serum so 
altered in antigenicity that rabbits immunized 
with the treated serum produced no precipitin 
against both normal and treated sera, gave 
occasional complement fixation reaction with 
either, and in half of these immunized animals, 
skin allergy to normal serum alone was demon- 
strated. Furthermore, of 10 guinea pigs sensi- 
tized to treated serum, only 3 out of 7 reacted 
mildl}' with normal, and 4 out of 6 similar!}' 
to alkali-treated serum without a single death. 
At the same time, 4 controls died when 
shocked with normal serum. Nine rabbits 
tolerated as much as one gram of treated 
serum protein per kilo body weight without 
any sx'mptoms, whereas only 5 out of 12 
immunized rabbits reacted with an elevation 
of body temperature to half a degree Centi- 
grade following intravenous injections of 20 
ml (SOO mg protein) of the treated serum. 
.Among 26 white mice weighing 20 g given 
intravenously 0.3 ml of the same (20 mg pro- 
tein), 2 died in. 6 hours, and one died in a 
week. The rest survived 4 weeks, the period 
of observation. However, among 9 guinea 
pigs weighing 200-250 g, only 2 out" of 3 
receiving less than 100 mg of treated serum 
protein intracardially survived, while all 6 
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receiving 120-240 mg of the same died almost 
immediately, following intracardial injection, 
from shock symptoms not unlike those de- 
scribed by Kazal ct al. 

Thus it seems clear that, as in the case of 
alkali-treated bovine serum, alkali treatment 
of equine serum rendered it practically non- 


antigenic, but definitely toxic for guinea pigs. 
At the same time, it remained praclicafly 
innocuous for rabbits and for white mice. The 
toxicity of treated serum for larger laboratory 
animals and the nature of this toxic substance 
will be the subjects of further investigation. 
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Treatment of Euthyroid Cardiac Patients by Producing Myxedema ivith 

Radioactive Iodine.* 


Herrman L. Blumgart, A. Stone Freedberg, and Robert Buka.I 
From the Department of Medicine, Harvard Medical School, and . the Medical Service and 
Eesearch Laboratories, Beth Israel Hospital, Boston. 


Significant clinical improvement in euthy- 
roid cardiac patients following total thyroid- 
ectomy has been reported.^ The rationale of 
this procedure was verified in that the degree 
of alleviation of angina pectoris and conges- 
tive failure was generally proportional to the 
degree of reduction in the metabolic rate.” 
The advent of radioactive iodine has raised 
the possibility of achieving the same result. 

Abstract of Cases. Case 1. Ehl, 46-year- 
old woman, entered the hospital in 1941 be- 
cause of progressive ankle edema, dyspnea 
and orthopnea during the previous year. She 
had chorea at the age of ten. Physical exam- 
ination revealed rheumatic heart disease, car- 
diac enlargement, mitral and aortic stenosis 
and insufficiency, auricular fibrillation, con- 
gestion of the lungs and liver, ankle edema 

' This work w.is e.arried out under .a contract 
between tlie Office of N.nral Rcsc.nrch .ond the 
President .and Fellows of Harvard College. 

t The authors wish to acknowledge the helpful 
advice of Dr. Arthur K. Solomon of the Depart- 
ment of Biophysics, Harvard Jlcdical School, .and 
of Mr. Leonidas Marinelli of the Memorial Hos- 
pital, New York City. 

1 Blumgart, H. L., Levine, S. -A., and Berlin, 

D. D., Arch. Int. Med., 1933, ol, SGG. 

2 a. Blumgart, H. L., Berlin, D. D., Davis, D., 
Eiseman, J. H. F., and Weinstein, A. A., J. A. 
M. A., 1933, 104, 17; b. Blumgart, H. L., Eiseman, 

J. E. F., Davis, D., and Weinstein, A. A., Am. 
Heart J., 1935, 10, 59G. 


and orthopnea. She improved after one week 
in the hospital. In 1942, symptoms and signs 
of thyrotoxicosis appeared; the basal meta- 
bolic rate was approximately plus 33%. A 
maximal subtotal thyroidectomy' was done in 
1943. Myxedema developed following this 
procedure; the signs and symptoms of con- 
gestive heart failure markedly' improved and 
she returned to work. Thyroid extract, 0.065 
g, was administered daily until January, 1947, 
when, for the fifth time, the patient entered 
the hospital with orthopnea, pleural effusion, 
ascites, and peripheral edema. Thy’roid med- 
ication was omitted. Despite adequate digi- 
talization, mercurial diuretics, and salt and 
water restriction, little improvement resulted 
during 3 weeks of treatment. Following dis- 
charge from the hospital, the above signs and 
sy'mptoms became progressively' worse, par- 
oxysmal nocturnal dy'spnea appeared, and she 
again entered the hospital on June 14, 1947. 
Slight improvement resulted from the above 
regime of treatment. The basal metabolic 
rate averaged approximately' plus 5%, the 
serum cholesterol was 220 mg/100 cc. On 
July, S, ’47, 5 millicuries were adminis- 
tered. The total 3-day urinary e.xcretion was 
71%. Approximately' 10 weeks later the 
basal metabolic rate was minus 14% and the 
serum cholesterol 400 mg %. On Xovember 
1, ’47, 13.6 millicuries were administered. 

A tracer study on December 4, 1947, showed 
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84% excretion in 3 days. On December 10, 
’47, 6 weeks after the second dose, the basal 
metabolic rate was minus 26% and the serum 
cholesterol 440 mg %. Clinical evidence of 
myxedema, including lethargy, hoarseness, 
dry hacking cough, cold dry yellow skin were 
present. Her cardiac status improved. She 
was able to sleep flat in bed and undertake 
considerably more effort without dyspnea. 
Peripheral edema reaccumulate more slowly 
and, therefore, mercurial diuretics were re- 
quired less frequently. Thyroid extract, 6 mg 
per day, mitigated the sjmiptoms of myxedema 
and has enabled the patient to maintain clin- 
ical improvement. 

Case 2. 60-year-old man entered the hos- 
pital for the fifth time on June, 1947, be- 
cause of progressive cyanosis, dyspnea, 
orthopnea, hydrothorax, and nightly attacks 
of acute parcxj-^smal dyspnea. He had been 
treated in the out-patient department and 
wards for more than 5 years. The clinical 
diagnoses were arterial hypertension, rheu- 
matic heart disease, mitral and aortic stenosis 
and insufficiency, marked cardiac enlargement, 
auricular fibrillation, arteriosclerosis of the 
coronary and peripheral arteries, and conges- 
tive heart failure. Despite treatment includ- 
ing optimal digitalization, mercurial diuretics, 
restricted fluid and salt intake, and curtail- 
ment of activity, his clinical status became 
progressively worse. Following admission to 
the hospital, treatment, including the removal 
of 1700 cc from the right chest which had 
accumulated in one week since previous 
thoracentesis, resulted in slight improve- 
ment, but he continued to have paroxysmal 
dyspnea and was considered critically ill. 
Basal metabolic rates ranged from plus 8 to 
minus 8% and the scrum cholesterol level was 
200 mg %. Ten millicuries were admin- 
istered on July S, 1947. The total 3-day 
urinary excretion was 51%. On September 
IS, 1947, an additional 2.25 millicuries of 
IMi administered. Four weeks later, 
or S’/i months following the first dose, the 
basal metabolic rate had declined to minus 
25% and the serum cholesterol increased to 


600 mg %. Coincidentally, the clinical status 
of this patient improved. He was able to 
sleep uninterruptedly flat in bed and dyspnea 
was much less, despite increased activity up 
and about on the ward. Reaccumulation of 
fluid has been slower and he requires fewer 
injections of mercurial diuretics. 

DtsaisswiJ. In both patients, the uptakes 
of tracer doses of were consistent wdth 
results obtained in subjects with normal thy- 
roid glands. The normal basal metabolic 
rates, the normal serum cholesterol values, 
the normal cardiac rates and the absence of 
any clinical evidences of thyrotoxicosis were 
consistent with the normal thyroid state. The 
elevation of the serum cholesterol values in 
reciprocal relation to the fall in the basal 
metabolic rates which occurred gradually as 
the clinical evidences of myxedema appeared, 
demonstrate that radioactive iodine produced 
hypothyroidism in these two patients. The 
clinical improvement concomitant with reduc- 
tion in metabolic rate observed in these two 
patients was similar to that observed in pre- 
vious studies of cardiac patients following 
surgical total thyroidectomy .- 

Considerable attention was given to possibly 
toxic effects of the rather large doses of radio- 
iodine administered to these patients. Our 
studies have failed to disclose such evidence. 
The optimum dosage and regime of adminis- 
tration of the regularity with which myxe- 
dema may be induced in such patients, the 
possible utilization of adjuncts, such as thio- 
urea derivatives and thyroid stimulating hor- 
mone of the pituitary, and final appraisal of 
the clinical value of this procedure, are mat- 
ters under investigation which prolonged and 
extensive studies and obser\'ations will clarify. 

Sumtnary. Radioactive iodine 131 was 
administered to 2 severely ill cardiac patients 
who showed no clinical or laboratory evidences 
of thyrotoxicosis or myxedema. In both 
instances, decided reduction in the metabolic 
rate coincided with clinical improvement. 
These results justify further studies and ob- 
servations. 
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Insulin Hypoglycemia in Chick Embryos.* 

Edgar Zwilling. 

Frcmi the Department of Animal Genetics, Vniversity of Connecticut, Stores, Conn. 


Landauer^’- has found that certain morpho- 
logical abnormalities may be produced by 
injecting insulin into the yolk of 0- 5-day chick 
embryos. In the course of an investigation 
into the carbohydrate metabolism of insulin- 
treated embryos we have found that a per- 
sistent hypoglycemia is produced by insulin 
applied in this manner. This phenomenon is 
interesting because the hormones usuall}^ re- 
lated to insulin activity are probably not 
present during the first 7-8 days of embryonic 
life. 

The only certain information about the 
pituitary gland concerns the onset of cyto- 
logical differentiation. Rahn® has shown that 
acidophiles and basophiles do not appear be- 
fore the 10th day (though both are preceded 
by a general basophilic tendency starting on 
the 8th day). The adrenal cortex (Okuda^) 
is not formed until the 6th day; when cortin 
first appears is uncertain. Islets of Langer- 
hans are not differentiated until 8-9 days and 
detectable amounts of insulin do not appear 
until the 11th day. Needham^ has empha- 
sized that there is no significant glycolytic 
system in embryonic chick tissues during the 
earlier stages. 

Two units of insulin (Iletin, Lillie) were 
injected into the 3 mlk sac of 5-day embrjms. 


Blood was obtained direct!}' from the e.xtra 
embr^'onic blood system by means of suction 
through micro cannulae inserted into the ves- 
sels. Different groups of embr 3 'os were bled 
on successive da 3 'S following the injection. 
Analyses for sugar were made on .01 ml 
samples with a modified Folin-Malmros tech- 
nic. The average error for 45 samples of a 
standard (100 mg % glucose) solution with 
this procedure was 5.4 mg; standard error was 
8.8 mg. The data are presented in Table I. 
It can be seen that the h 3 'poglycemia is pro- 
nounced 24 hours after the injection and that 
there is a recovery from the insulin effect some 
time behveen the 12th and 14th da 3 's (7-9 
days after injection). Various authors have 
claimed that normally the embryo’s insulin 
becomes an important factor in control of 
blood sugar level at this time (Needham®). 

There is some evidence that a h 3 'pogl 3 '- 
cemia may be produced at still earlier stages. 
Insulin (2 units) was injected into the yolk 
sac of 30-hour embryos. Blood samples were 
taken 2 days later. At this stage it was 
necessary to pool blood from two embryos 
to obtain a .01 mg sample. The average blood 
sugar value for 4 such samples was 106.9 
mg ^ while that for controls was 145.7 mg ^c. 


TABLE I. 

Average of Blood Sugar 3’’alues in mg %: 2 units of insulin injected .at .S davs. 
(N'o. of cases in parcntlicscs.) 


Days of incubation 

e 

7 

8 

0 

10 

12 

14 

10 

Uhinjected controls 

133 

"~145 

145 

147 

134 

140 

100 

137 

(11) 

(8) 

(S) 

(6) 

(9) 

(6) 

(10) 

(5) 

Insulin treated 

80 

70 

70 

49 

.IS 

53 

335 

141 

(16) 

(10) 

(8) 

(6) 

(8) 

(5) 

(8) 

(3) 


* This work was supported, in part, bv a grant 
from the American Cancer Societr on the recom- 
mendation of the Committee on Growth of the 
Kational Ecse.'ircli Council. 

1 Landaucr, W., J. Fxp. Zool., 1945, 98, C5. 
s Landauer, 1C., J. Dxp. Zool, WIT, 103, 14o. 


a Ralm, H. J., dlorph., 1930, 04, 4S3. 

4 Okud.a, ir., Siulocrinol, 1P2S, 12, 342. 
n yectlh.am, J., Siochcmistri/ aiiJ llorphopcncsis, 
1942. 

CXcedhain. J.. Chemical Dmhrpoloptj, 1.031. 
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Total Serum Protein Concentration and Total Weight of Circulating Protein 

in the Rat. 

Richard W. Lippmah.* (Introduced by T. Addis.) 

From the Department of 3fc(7fciiie, Stanford University School of Medicine, San Francisco, 

Calif. 


The relation of total serum protein concen- 
tration and total weight of circulating pro- 
tein to body size and sex were studied in the 
rat. The animals were used concurrently for 
estimation of blood and plasma volumes re- 
ported previously.* 

Methods. A total of 125 normal rats were 
used, 47 females and 7S males, ranging in 
weight from 48 to 308 g. The rats were 
divided into groups, each of approximately 10 
animals. In each group, the weight range was 
less than lOfo of the mean weight, in most 
cases considerably less. 

Blood and plasma volumes were determined 
by the hemoglobin dye method previously 
desCTibed.* Serum from the rats in each 
group was pooled in aliquot portions, and the 
total serum protein concentration was meas- 
ured by a modification of Kingsley’s biuret 
method .- 

Because hemoglobin was used in determin- 
ing plasma volumes, it was necessary to cor- 
rect the protein determinations. This was 
done by subtracting from the total circulating 
protein value the weight of hemoglobin 
injected, and by subtracting from the total 
serum protein concentration the calculated 
concentration of hemoglobin. The weight of 
hemoglobin injected was determined by the 

* The .luthor wishes to acknowledge grafo- 
fuHy the technical assistance of Helen J. 311000. 
Tliis work was aided by a grant from the TJ. S. 
Public Health Service. Hemoglobin solution was 
provided by Sharp & Dohmc, Inc., Philadelphia, Pa. 
Dr. Lippman is now at the Institute for Medical 
Research, Cedars of Lebanon Hospital, Los An- 
geles, Calif. 

t Lippman, R. W., Pr.oc, Soc. Exr. Btou and 
J iH)., 1017, CO, ISS. 

- Kingsley, G. R., J, Uiol. CUem., 1939, J31, 197. 

3 Evelyn, K. and JIalloy, H. T., J. Biol. 
Chem., 1P3S, 120, G.'m. 


colorimetric method of Evelyn and INIalloy.® 
In this paper, the previously reported indi- 
vidual values for blood and plasma volumes 
of the rats within each group were averaged. 
The mean values of these groups were related 
to body surface area, calculated from the 
formula of Carman and Mitchell.* 

Results. The blood and plasma volumes 
(Fig. 1), total serum protein concentration 
(Fig. 2), and total circulating serum protein 
(Fig. 3) were plotted against body surface 
area. The results fitted a straight line reason- 
ably well in each categor^^ Regression lines 



* Carnmn, G. G., nnd Mitchell, H. H., An. J. 
Fhysinl., 1920, TO, 3S0. 
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ivere calculated and the constants are given in 
Table I. There were slight se.v differences in 
the regression constants for blood and plasma 
volumes and for total circulating protein, but 
as these did not appear significant for the 
purposes of this paper, the data were com- 
bined and are given in a single regression line. 
A significant sex difference in total serum 
protein concentration was found, and 2 re- 


■ gression lines are presented .(Fig. 2). 

Discussion. Few previous studies of the 
total serum protein concentration or the 
weight of total circulating serum protein in 
the rat have been made. Comparison is diffi- 
cult, as different methods have been used to 
express results. 

Cutting and Cutter^ determined circulating 
plasma protein and plasma protein concentra- 
tions in rats. Their data were not segregated 
by se.x, and the}’’ divided the rats into only 2 
groups: “large” (292-395 g) and “small” 
(188-213 g). Their results, given in Table If, 
demonstrate a difference in the plasma protein 
concentration between the 2 groups. In addi- 
tion, they found that the total circulating 
plasma protein in the large adult rats was 
greater in terms of surface area than in the 
smaller adult rats. Because female rats of 
the colony used by Cutting and Cutter rarely 
grow to weights over 300 g, it may be assumed 
that their “large” group consisted of male 
rats. 

Bletcoff and Favour® determined the total 
plasma protein concentration and total circu- 
lating plasma protein of rats, and likewise did 
not segregate their data by sex. They divided 
the rats into 3 groups: adult (119-335 g), 
pubescent (73-89 g), and prepubescent 

(40-68 g). Their total plasma protein con- 
centrations were somewhat higher than other 
values reported, and they’’ attributed this dif- 
ference to the copper sulfate method of deter- 
mination, which they’ used. However, their 
range of difference in total plasma protein 
concentration, between small rats and large 
rats, is similar to that which we found. ‘ They 
also found that the total circulating plasma 
protein increases in terms of body surface up 
to puberty, after which it remains relatively 
constant. 

Our data, segregated by sex and into nar- 
row weight ranges, appear to demonstrate a 
constant relationship of total circulating 
serum protein and serum protein concentra- 
tion to body surface area over a wide range 
of weight which includes the range of puberty. 

s Cutting, W. C., .'Oicl Cutter, It. I)., .-Iiii. .1. 
Physiol., JIS, loO. 

CMctcofr. J., .111(1 F.ivour, C. B., -Im. J. Physioh, 
3ni4, 142 , 94. 
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TABLE I. 


Eclation of Blood Volume, Plasma Volume, Total Circulating Serum Protein, and Total Serum 
Protein Concentration to Bod 5 ' Surface Area. 

General equation; f(x) = A + Es 
■vvliore X is body surface area in sq cm. 


f(x) 

Sex 

A 

B 

Blood volume (cc) 

6 

— 1.59 

0.03S5 

-1- .0032 

$ 

— 1.90 

0.0380 

-1- .0048 


Combined 

— 1.91 

0.0390 

± .0016 

Plasma volume (ec) 

6 

— 0.570 

0.0211 

-4- .0026 

9 

— 0.316 

0.0192 

± .0026 


Combined 

— 0.710 

0.0211 

±.0008 

Total eirc. protein (mg) 

A 

0 

—150. 

1.50 

± .04 

9 

—147. 

1.54 

-+- .06 


Combined 

—142. 

1.49 

± .04 

Serum protein cone, (g %) 

o 

3.15 

0.00G17 

± .0024 

9 

2.85 

0.00920 

± .0026 


TABLE II. 

Previously Ecported Values for Plasma Protein Concentration and Veiglit of Total Circulating 

Plasma Protein. 


Author 

Vt group 

Total plasma 
protein cone, 
g % 

Total eirc. 
plasma prot. 
mg./lOO sq cm 

Cutting and Cutter 

Large (292-395 g) 

G.SS 

108 


Small (188-213 g) 

6.30 

82 

Metcoff and Favour 

Adult (119-335 g) 

8.07 

190 


Pubescent (73-89 g) 

0.60 

172 


Prepubescent (40-68 g) 

5.62 

118 


This apparent discrepancy between our ob- 
servations and those previously reported may 
be explained by the fact that the regression 
lines do not intercept the x-axis at 0, so that 
the ratio f(x)/x increases as x increases. 
.Although the lines are valid over the observed 
range, tlie relationship must change in ex- 
tremely young rats, as it must ultimately pass 
through the point of origin. 

IVe have related our results to body surface 
area of the rat, although we realize the imper- 
fections of body surface as a reference 
measure. Kleiber" has clearly discussed the 

r Kli'iiipr, M.. riiysioJ. Hcv., IPtr, 27, 511 . 


errors of body surface area calculations and 
relates metabolic rate to the 0.75 power of 
body weight. Our blood and plasma volume 
data exhibit a closely similar relationship.^ 
We have used the relation of variables to 
bodj' surface area here because it affords some 
comparison with other discussions in the liter- 
ature. 

Sinnmary. 1. The total circulating serum 
protein and the serum concentration of total 
protein in the rat are shown to be related to 
body surface area over a wide range. 2. The 
sex difference in total serum protein concen- 
tration is of sufficient magnitude to require 
its consideration in experiments. 
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-.vere calculated and the constants are given in 
Table I. There were slight sex differences in 
the regression constants for blood and plasma 
volumes and for total circulating protein, but 
as these did not appear significant for the 
purposes of this paper, the data were com- 
bined and are given in a single regression line. 
A significant se.x difference in total serum 
protein concentration was found, and 2 re- 


• gression lines are presented .(Fig. 2). 

Discussion. Few previous studies of the 
total serum protein concentration or the 
weight of total circulating serum protein in 
the rat have been made. Comparison is diffi- 
cult, as different methods have been used to 
express results. 

Cutting and Cutter^ determined circulating 
plasma protein and plasma protein concentra- 
tions in rats. Their data were not segregated 
by sex, and they divided the rats into only 2 
groups: “large" (292-395 g) and “smali’’ 
(188-213 g). Their results, given in Table II, 
demonstrate a difference in the plasma protein 
concentration between the 2 groups. In addi- 
tion, thei’^ found that the total circulating 
plasma protein in the large adult rats was 
greater in terms of surface area than in the 
smaller adult rats. Because female rats of 
the colony used by Cutting and Cutter rarely 
grow to weights over 300 g, it ma.v be assumed 
that their “large” group consisted of male 
rats. 

Metcoff and Favour® determined the total 
plasma protein concentration and total circu- 
lating plasma protein of rats, and likewise did 
not segregate their data by sex. They divided 
the rats into 3 groups: adult (119-335 g), 
pubescent (73-89 g), and prepubescent 

(40-68 g). Their total plasma protein con- 
centrations were somewhat higher than other 
values reported, and the}^ attributed this dif- 
ference to the copper sulfate method of deter- 
mination, which they used. However, their 
range of difference in total plasma protein 
concentration, between small rats and large 
rats, is similar to that which we found. * They 
also found that the total circulating plasma 
protein increases in terms of body surface up 
to puberti', after which ft remains relatively 
constant. 

Our data, segregated b.v sex and into nar- 
row weight ranges, appear to demonstrate a 
constant relationship of total circulating 
serum protein and serum protein concentra- 
tion to body surface area over a wide range 
of weight which includes the range of puberty. 

•'Cutting, W. C., .niul Cutter, It. D., Am. J. 
Fhijsiol., lass, 113, 130. 

o^tctcolT, J.. .mil I'.Tvour, C. B., Am, ,1. Pti;/siol,, 
1944, 142, 94. 
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TABLE I. 


Percentage Composition of Diets. 


Constituent 

Stock diet 
(17%prot.) 

3% protein 

77 % protein 

10% dext. 

10% dext. 
with salt 

Bone ash 

1.5 





Soy bean meal 

5.7 





tVheat 

73.4 





Corn starch 

4.0 

74.0 




Casein 

9.7 


74.0 



Yeast 


10.0 

10.0 



Sardine oil 

3.2 

10.0 

10.0 



Alfalfa 

2.0 

2.0 

2.0 



Salt mixture 

0.5 

4.0 

4.0 



KaCl 





0.4 

Vit. B complex 



f- 

1.0 

1.0 

Dextrose 




10.0 

10.0 

Water 




S9.0 

SS.G 


TABLE II. 

Effect of Various Ecgimcns on Blood and Plasma Volume and Scrum Protein. 

Mean Bcsults. 


Diet 

Duration 

No. rats 

Total 

starv. 

17 hr 

0 

10% dext. 
17 hr 

10 

10% dext. 
with salt 

17 hr 

20 

10% dext. 

7 davs 

S 

10% de.xt. 
with salt 

7 davs 

S 

3% prot. 

7 davs 

20 

77% prot. 

7 davs 

20 

Initial wt, g 




151 

153 

172 

172 

Final wt, g 

147 

173 

103 

119 

125 

155 

1S5 

Blood vol., cc 

11.29 

11.91 

12.50 

9.07 

10.01 

11.57 

13.08 

% normal 

109 ± 1.4 

99 ± 2.1 

112 i 1.1 

110 ± 2.3 

110 ± 2.3 

107 ± 2.0 

110 ± 2.3 

Plasma vol., cc 

0.22 

O.CG 

7.14 

4.90 

5,35 

0.10 

7.52 

% normal 

103 ± l.S 

100 ± 2.0 

111 ±1.4 

90 ± .3.4 

.103 ±3.8 

99 ± 2.5 

100 ±2.3 

Total sonim protein, g 

% .->.3,3 

5.42 

5.2S 

4.28 

4.48 

4.70 

5.62 

% normal 

105 

102 

101 

89 

92 

92 

102 

Total circ. protein, mg 

.3.32 

301 

377 

210 

240 

287 

423 

% normal 

102 

90 

100 

81 

87 

84 

106 


after 9 to 11 days on a protein-free diet. 
Frisch, iNIendel and Peters® produced marked 
depression of serum protein concentrations 
by using a carrot diet for 18 weeks. Bloom- 
field," on the contrarj’, found that an other- 
wise balanced protein diet did not produce 
much lowering of serum protein concentration 
at the end of 2 1 weeks. 

Metcoff, Favour and Stare' studied protein 
deficiencies in the rat, and their conditions 
for ‘‘acute protein deficiency” closely resem- 

J Boycott, .\. E., and Chisolm, E. A., J. JPatJi. 
and JJnet.. 1011. 10, £C3. 

•■■■ Frisch. E. .1., Mcndcl, L. E., and Peters, J. P., 
d. Ei-d. C/ifiM.. 1020, 8t, ICT. 

<■' Bloomfield, A. L., J. T.xp. Med., 1033. 57, 705. 

' Melcoff, .T.. Favour, C. B., and Stare, F. J.. 
J. Clin, /nresf., lOL". 2-1, S2. 


bled our 3% protein diet for 7 days. They 
found, under tliese conditions, a decrease in 
the circulating total protein per unit surface 
area, and in the plasma volume per unit sur- 
face area. 

The apparent increase that we found in the 
cell volume of rats with protein deficiency is 
probably due to the stability of the erj-thro- 
cyte mass compared with the lability of plasma 
volume and body weight. In one week, the 
erythrocyte mass formed at the starting weight 
would not have changed appreciably, while 
the plasma volume and body weight had 
diminished, so that the erj-throcyte mass was 
relatively increased. 

AVe have avoided using the relation of 
variables to body surface area in these com- 
parisons because of the pitfalls that have 
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Effects of Protein and Fluid Consumption Upon Plasma Volume and Circu- 
lating Protein in the Rat. 

Richard W. Lippman.* (Introduced by T. Addis.) 

Frovi the Department of Medicine, Stanford Vniversity School of Medicine, San Francisco, 

Calif. 


In studying rats under experimental condi- 
tions, changes in the concentration of serum 
constituents were noted. It was considered 
possible that such changes might be the con- 
sequence of changes in blood and plasma vol- 
ume, induced by alterations in the consump- 
tion of food and fluid, rather than the conse- 
quence of a direct metabolic effect. This 
study was undertaken in order to determine 
whether the conditions of our experiments 
had produced such alterations in blood and 
plasma volumes. 

Methods. A total of 101 normal male rats 
were used, ranging in weight from 148 to 196 
g. The rats were taken from stock, where 
they had received a diet containing 17% of 
protein, and water as desired. They were 
placed in individual cages and given experi- 
mental diets for a specified time. At the end 
of this time, blood and plasma volume de- 
’ terminations were made by the method pre- 
viously reported.^ The serum from each e.x- 
perimental group of 8 to 10 rats was pooled 
in aliquot portions, and the total serum protein 
was determined b}’’ a modification of Kingsley’s 
biuret method." Exact composition of the 
diets is given in Table I. Total circulating 
protein was calculated from the measured 
data. 

The rats received unrestricted amounts of 
the 3% and 77% protein diets and water. 
With the exception of the total starvation 

* The auttior gr.itcfull3- acknowledges the tech- 
nical assistance of Helen J. Urcen and Waj* Lew. 
This work was aided hj- a grant from the TJ. S. 
Public Health Service. Hemoglobin solution w.as 
provided by Sharp and Dohme, Inc., Philadel- 
phia, Pa. Dr. Lippnian is now at the Institute 
for Medical Eesearch, Cedars of Lebanon Hospital, 
Los Angeles, Calif. 

1 Lippman, K. W., Pnoc. Soc. Exp. Bioi.. and 
Med., 1917, fiC, ISS. 

2 Kingsley, G. K., /. Dial. Chem., 1939, 131, 10,. 


group, each group received an adequate num- 
ber of calories. 

■ Results. Detailed results are given in 
Table II, and compared with normal control 
values previously established for rats of the 
same weight taken directly from stock diet.^ 
None of the protein-deficient diets, whether 
of high or low fluid content, induced any 
appreciable change in plasma volume at the 
end of 7 days, although the total blood volume 
w'as increased about 10% when compared 
with normal for the final weight. 

The fluid diet with added salt appeared to 
increase both total blood volume and plasma 
volume about 10% at the end of 17 hours. 
The 77% protein diet produced a similar 
change at the end of 7 days. 

Neither the fluid diet without salt, nor total 
starvation for 17 hours altered the total blood 
or plasma volume. 

None of the 17-hour experiments showed 
any significant change in total circulating 
serum protein or total serum protein concen- 
tration. However, all the protein-deficient 
diets reduced the total circulating serum pro- 
tein by 15-20% in 7 daj'S, with an almost 
commensurate reduction in the total serum 
protein concentration. The 77% protein diet 
did not produce any significant change in total 
circulating serum protein or in the total senim 
protein concentration during the period 
studied. 

Discussion. Although there have been 
many studies of the effect of diet upon total 
serum protein concentration, very few have 
correlated such effects with changes in the 
blood and plasma volumes, or have studied 
volume changes alone. 

Boycott and Chisolm'' found no change in 
blood volume, but a fall in plasma volume, 

SLippm.in, I?. 'W'., Pnoc. .Soc. Exr. Biol, akd 
Med., 194S, 07, 103. 



Penicili-in Dosage 


199 


TABLE I. 

Effect on Body Weight, Food Intake, and Liver Fat of Adding Aletiiionine and Choline to a Diet 

Free of Sulfur-Containing Amino Acids. 



Special supplement 
(daily) 


Weight of animals 


Liver 

Group 

Xo. of rats 

Initial, g 

Change, % 

g/tl.ay Wt, g 

Total lipid, % 

I 

Xonc 

12 

150 

(1.50-104) 

—32 ± 1.4 

4,2 O.IS 4.7 i 0.12 

20.4 7t 1.6 

II 

50 mg yiethionine 

12 

155 

(150-1G5) 

—20 1.2 

4.1 i 0.13 4.3 0.15 

13.3 i 1.3 

III 

100 ” ” 

12 

155 

(150-160) 

—27 d: 1.9 

4.1 ± 0,17 4.2 :i; 0.15 

9.7 0,75 

IV 

25 ” Clioline 

12 

154 

(150-102) 

—29 ± 1.1 

4.0 ± 0.11 3.S ± 0.12 

G.S :i: 0.30 


significant reduction of liver fat at the SO mg 
level (average fat, 13.3%), livith still lower 
values when 100 mg were given (average fat, 
9.7%). This result, with the lower food 
intake and greater weight loss in this e.\-peri- 
ment, suggests that the 50 mg level of 
methionine was at the borderline of effective 
dosage, and in the present case, the higher 
ratio of methionine in the diet (1.2%) was 
sufficient to produce a lipotropic effect. 

Wien choline was given it showed its usual 
efficient lipotropic action. The average liver 
fat content of the choline-fed group was 6.8%, 
an almost normal value. ^lethionine in the 100 
mg dosage gave a 40% higher fat content of 


the liver. The total methyl in this amount 
of methionine is 25% greater than in the 
choline. 

It may be noted that the weight of the 
livers paralleled the fat content consistently. 

Suntmary. Rats fed an alipotropic diet 
in which a mi.vture of amino acids replaced 
protein developed fatty livers in spite of low 
food intake and emaciation. IMethionine in 
adequate dosage e.xerted a lipotropic effect 
although there was still 10% of fat in the 
liver when the methionine constituted 2.4% 
of the diet. When 25 mg of choline chloride 
per day were fed the livers were essentially 
normal. 
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Therapeutic Effectiveness of Single and Divided Doses of Penicillin in a 
Streptococcal Infection in Mice. 

H. J. White, JI. J. Baker, and E. R. Jacksox. (Introduced by E. K. Marshall, Jr.) 
From the ClicmoIJicrnpy Division, Stnmford Ticsenreh 7,ahnrn(orics, American Cijnnamiil Com- 

Vany, Stamford, Conn. 


In a preliminary study on penicillin dosage 
and its therapeutic effectiveness it was found 
that a single oral dose containing 10 mg of 
penicillin G per kg of body weight protected 
a large proportion of mice in an otherwise 
fatal e.\-pcrimcntal streptococcal infection.* 
The results of further studies on the effect of 
single doses of drug, administered orally or 

I W Jiito, ]I. .T., I>vo, At. E., niut Alvcr.'^on, C., 
I’roc. .Soe. E.vr. Bioi.. .in'd Afro., IPtO. C2, 33. 


subcutaneously, are given in the present com- 
munication. 

In addition, a comparison between the 
effect of a given amount of penicillin when 
administered as a single dose and as a series 
of equally spaced smaller doses has been 
included in this report. Such a comparison 
is of interest, since it is commonly assumed 
that the therapeutic effectiveness o? penicillin 
in aqueous solution depends upon repeated 
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been suggested previousty.^ The situation 
would be additionally complicated by the 
fact that body surface formulae are derived 
from rats on stock diet. It is known that, 
after starvation or over-feeding, the composi- 
tion of the body changes with respect to the 
basic constituents such as ' protein.® AVith 
such changes, the relation between body 
weight and surface area may change. There- 
fore, we have compared our results in each 
group with rats on stock diet at the same 
weight. 

S Addis, T., Proc. Gth Pacific Science Congress, 
1939, 6, 677. 


Summary. I, Drastic changes in protein, 
fluid, and salt consumption do not produce 
striking changes in blood and plasma volumes 
of the rat, over the periods studied. 2. In- 
creased fluid consumption produced an 
increase of about 10 fo in total blood volume 
and plasma volume at the end of 17 hours, 
only when salt consumption was simultane- 
ously increased. 3. A high protein diet 
increased blood and plasma" volumes slightly 
at the end of 7 days, but did not appreciably 
alter the serum protein concentration. 4. All 
protein-deficient diets reduced the total circu- 
lating protein bj' 15-20% at the end of 7 days. 
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Effect of Lipotropic Agents in a Diet Containing Pure Amino Acids in Place 

of Protein. 


Catherine S. Rose, Thomas E. Machelea, and Paul Gyorgv.* 

From the Nutritional Service of the Department of Pediatrics and the Gastro-Intcstinal Section 
of the Medical Clinic, School of Medicine, University of Pennsylvania, Philadelphia. 


In an experiment where an amino acid mix- 
ture replaced casein in a diet deficient in lipo- 
tropic factors, Rose, Alachella, and Gyorgy'* 
found no appreciable effect of methionine fed 
to rats at a level of 50 mg per day or equiva- 
lent to about 0.8% of the diet. It was not 
immediately possible to extend this work but 
the need to determine whether more methio- 
nine would be effective or whether some other 
factor was involved was recognized. In the 
present study the effect of methionine in the 
original and in larger dosage was compared 
with that of choline. 

Experimental. The e.xperimental diet and 
the procedure followed were as previously 
described. Male albino rats, weighing 150 to 
165 g were divided into 4 groups of which 
one received basal diet alone, the others re- 
ceiving in addition respective^, SO mg of 
methionine, 100 mg of methionine and 25 mg 
of choline chloride per day in aqueous solu- 
tion. For about three-fourths of the animals 
we followed our usual proced ure of giving the 

« The autlior7 .ire gratefurlo~Misr C.iroline 
Perna for technical assistance. 

1 Eosc, C. S., Macliolla, T. E., and G.vbrgy,^?., 
Pkoc. Soc. E.vp. Biol, .v.vo ito., 1947, 04, 352. 


supplement in a Caster Cup. Since some of 
the rats disliked the solution of methionine a 
stomach tube was used for supplementing 
those animals ivhich started later in the e.x* 
periment (equal numbers of all groups). The 
animals were sacrificed at the end of 3 weeks 
and the liver fat determined. 

Results and Discussion. The experimental 
data are summarized in Table I. -As previ- 
ously observed* the basal diet was quite inade- 
quate in maintaining the weight of the animals 
and addition of the sulfur containing amino 
acid neither improved the nutritive value of 
the ration in this regard to any great extent, 
nor encouraged appetite. Choline was equally 
without effect on these factors. Food intake 
was remarkably constant in all of the groups 
but much lower than in the previous e.xperi- 
ment. The average consumption was 4.1 g 
per day as compared with 5.9 g in the earlier 
study. 

In the control animals the low food intake 
and weight loss did not prec'ent the develop- 
ment of fatty liv'crs, an average value of 
20.4% being found. A greater effect of 
methionine was observed in this e.%-periment 
than in that prei’iously reported. There was 
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TABLE I. 

Single Oral and Subcutaneous Doses of Penicillin G. 

Treatment: Penicillin G sample containing 650 units per nig; administered as a single dose 
immediately after infection; in 0.5 cc toI. of aqueous sol. by stomach tube, or in 0.2 cc vol. 
subcutaneously. 


Single dose'* 

Oral 


Subcutaneous 

mg/kg 

Alive/Totalt 


Alive/Totalt 

25.6 

30/30 



12.S 

28/30 



0.4 

24/30 



3.2 

23/30 


30/30 

1.6 

5/30 


2.3/30 

0.8 

0/30 


18/30 

0.4 



7/30 

0.2 



1/30 

0.1 



0/30 


Oral 

Subcutaneous 

Oral : Subcutaneous 


nig/kg 

nig/kg 

dosage ratio 

Median survival dose 

2.9 

0.78 

3.7 

(19/20 limits of error) t 

(3.8-2.2) 

(0.99-0.62) 

(5.4-2.5) 


* Dose expressed as pure penicillin G containing 1CG7 units per mg. 

f Survival on 21st day after infection, e.vpressed as number of mice alive out of total number 


t Interpreted as meaning that the chances are 19 to 1 that the true values fall ivithin the 
indicated limits. 


injections at 2- or 3-hour intervals.^ 
Methods. Our e.\'perimental infection was 
produced by intraperitoneal inoculation of 
0.5 cc of a 10‘® broth dilution of a 6-hour 
blood broth culture of Hemolytic strepto- 
coccus, Group A, strain C 203, in Vander- 
werken white mice of 18-22 g weight. The 
number of organisms in the infecting dose 
averaged 4000 ± 1000; virulence titrations 
indicated that a single organism (or chain), 
as determined by colony count, constituted a 
lethal dose. In the present studies, 80 of 80 
untreated control animals died within 48 hours 
after infection. Treated animals alive on the 
21st day after infection are considered to be 


cured.® 

Tests with penicillin G were carried out 
with the 650 unit per mg sample previously 
used-* crystalline penicillin X was kindly 
supplied by E. F. Williams of the Physics 
Division of these Laboratories. In each case, 
the penicillin was dissolved in s terile distilled 


2 Dowling, H. P., Botmaii-Kavha G. 
L, and Hirsh, H. L., Am. J. 


Hussey, 
., 1947, 


“^a^itchfiekl, J. T., Jr., White, H. J., and Jfar- 
slmll, E. K., Jr., J. Pharm. ami Pxp. Thcrap., L3., 


C7, 437. 


water and the solutions were used ivithout 
filtration. 

Results. The results of single dose treat- 
ment with penicillin G are given in Table I. 
By use of a simplified method for the quanti- 
tative evaluation of dosage-response data, 
devised by Wilcoxon and Litchfield* and 
illustrated in Fig. 1, the Median Survival 
Dose (SDso) for subcutaneous administration 
is estimated to be 0.78 mg per kg, with 19/20 
limits of error of 0.99-0.62. The correspond- 
ing values for oral administration are 2.9 and 
3.S-2.2 mg per kg. The ratio of oral to sub- 
cutaneous dosage for penicillin G is thus 3.7, 
with 19/20 limits of error of S.4-2.S. 

In Table II, results with single doses of 
penicillin X are given. In this case, it is 
evident that subcutaneous is about 8 times as 
effective, therapeuticallj', as oral administra- 
tion. 

The question of single, as against divided, 
dosage was investigated by comparing the 
therapeutic effectiveness of an amount of peni- 
cillin given according to each of 4 dosage 
schedules, as follows: (1) total amount as 
single dose immediately after infection (0 hr) ; 

■* WiJcoxoii, P., aiitl Litotifieht, J. T., Jr., to be 
piibtisJied. 
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ment mth the early work of IMacLeod and 
Stone' who showed that mice infected with 
strains of pneumococcal tjpes I, II, or III 
could be effectively treated with penicillin 
when the total daily dose (for each of 4 days) 
was restricted to only 3 injections •within an 
S-hour period. It is of interest to note, also, 
that Tillett, McCormack, and Cambier^ have 
concluded that in the treatment of pneumo- 
coccal pneumonia with penicillin, repetition 
of injections continuously throughout each 
24-hour period was in many cases not neces- 
sarj' or advantageous. Further e.vperimental 
evidence indicating that there is no advantage 
in splitting daily penicillin dosage into a 
series of small frequenth’ repeated doses has 
recently been reported b\’ Zubrod’ who inves- 
tigated penicillins G and K in mice under 
conditions similar to those of the present 
report. 

In the present investigation, the comparison 
of single and divided dosage schedules has 
been confined to a maximum treatment period 

" MacLeod, C. M., and Stone, E. E., BuU. X. X. 
Actid. ilcd., 1945, 21, 375. 

s Tillett, W. S., JrcConnack, J. E., and Cambier, 
M. J., J, Clin. Invest., 1945, 24, 5S9. 

9 Znbrod, C. G,, BuTl. Johns HoplAns Sosp., 
1947, 81, 400. 


of only 24 hours. That different results may 
be obtained under other e.vperimental condi- 
tions, is indicated by the data of MacLeod 
and Stone.' For example, these workers 
found that treatment -with penicillin for a 
4-day period could be much more effective 
than giving an equivalent amount of drug for 
a single day. In mice infected with a type I 
pneumococcal strain, recover^' of only 74^^ 
could be obtained with a total of 600 Oxford 
units when treatment was restricted to a single 
day, whereas, recoveiy of 100^ resulted from 
treatment with a total of only 60 units divided 
into 4 daih- amounts of 15 units each. With 
tj'pe n pneumococcus, about the same degree 
of recover}' (60 to 70%) was produced by a 
total of 300 units, regardless of whether it was 
administered in a single day or divided into 4 
daily amounts of 75 units each. 

Conclusion. From 4 to 8 times as much 
penicillin was needed for oral, as for subcu- 
taneous administration, to obtain the same 
degree of therapeutic effect in a streptococcal 
infection in mice. 

In this infection, the administration of 
daffy penicillin dosage in a series of small 
equally spaced doses was not more effective 
than giving an c-quivalent amount of drug in 
1 or 2 doses per day. 


16253 

Effect of Passive Sensitization and Anaphylactic Shock on Rahbit Bone 

Marrow,* 

Robert h. Goon. (Introduced by Beny Campbell.) 

Ftott. the Deportment of Anatomy, University of Minnesota Medical School. 


Concepts relating the plasma cell to h}'per- 
globulinemia, globulin formation, immune 
mechanisms, h}'persensitivity, and anaphylac- 
tic shock have a firm basis in both clinical and 

• .rUilcd by .1 gr.-int from the Xational Eonnda- 
tion for Infantile rnralvsis, Inc, 

1 Macicsca-.Tclcnjka, S.. Mv.cnch. Med. TTchnschr., 
1907, 54, 1790. 

SDovrncy, H., Tolia hacmatol., 1911, II. 275. 

3 Ilneb'chmanD, P., Vcrhandl. d. deutsch. path. 
GaeJhch., 1913, IG, 110. 


e.xperimental literature.*"^'’ Beginning -with 


* Klein, Z. f. d. ges. Xeurol. u. Fsychiat., 1914, 
21, 242. 

5 Oeller, H., Deutsche. Med. TTchnschr., 1923. 49, 
12S7. 

esiegmnna, H., rcrhandl. d. dcutsch. path. Ge- 
scllseh.. 1923, JO, 114. 

r Epstein, E., Tirch. Arch. f. path. Ar.at., lo^O 
273, 69. " ' 

SMas T Magro, F., Arch. f. Xzp. Zellforsch., 
1929, 8, 415. 
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Penicillin Dosage 


TiVBLE III. 

^ ^ .... Bivulea Doses of Penicillin X. 

0.2 cc vol. of aqueous sol. ndniinistcjod subcuf. nii 
dosage selieduies indicated belon-; each dosage schedule began imincdiatolv after infecfioji and 
n-ns terminated -n-ithin 24 hours. 


Isumber of doses 


Aint of 
each dose 
iiig/kg 

One 

(At time of 
infection) 

Two 

(At 12-hour 
intervals) 

Pour 

(At C-bour 
intervals) 

Eight 
(At 3-lioiir 
intervals) 

1.0 

9o* 




1/2 

98 

98 



1/4 

.18 

05 

98 


1/8 

48 

73 

98 

100 

1/lG 

25 

48 

78 

100 

1/32 

.... 

13 

IS 


1/G4 



3 

S 

1/128 

.... 

.... 

.... 

S 

^ Percentage survival 
dosage schedules. 

on 21st day after infection; 

TABLE IV. 

40 mice were used on 

cacli of the 20 

Median Surviv.al Doses for Penicillin X Administered by 4 Different Scbctltiles. 

Daily dosage schedule 
(Start; Immediately 
after infection) 

/ • -■ ■ ■ A 

Median survival dosage’* 
mg/bg 

19/20 

^ Frequency 

No. of doses 

Each (lose 

Total dose Limif.s of errort 

Once 

1 

.13 

.13 

.43-.04 

q. 12 hr 

2 

.07 

.14 

.18-.11 

q. G hr 

4 

.04 

.10 

.22-.15 

q. 3 hr 

8 

.03 

.24 

.32-.21 


* These values were obtainccl from dosage-responso lines the slopes of ivhich did not differ 
from each other significantly. 

t The chances are 19 to 1 that the true median survival doses lie within tlicsc limits. 


several small doses. For e.vample, 8 doses of 
% mg per kg each were no more effective 
than a single dose of 1 mg per kg; and 8 
doses of 1/64 mg per kg were not as effective 
as a single dose of Vs mg per kg. 

As one would e.vpect, 8 doses of mg per 
kg each were more effective than 1 dose of 
% mg per kg; and, similarl)', 8 doses of I /1 6 
each were more effective than a single dose 
of 1/16 mg per kg. However, multiple doses 
of y 2 mg per kg could not improve on a single 
dose of y mg per kg since the ma.vimum effect 
was obtained with the latter dose. 

A quantitative comparison of the different 
dosage schedules may be based upon the 
IMedian Survival Dose for each schedule, as 
calculated from the dosage-response data in 
Table III. These values, together with their 
limits of error, are given in Table l\. 

Discussion. The greater efficiency of sub- 
cutaneous o^■er oral administration of peni- 


cillin, as measured b 3 " the relative amount of 
drug needed to produce the same degree of 
therapeutic effect (Tables I and 11) confirms 
the well-known fact that about 5 times as 
much oral as subcutaneous dosage is needed 
to maintain a given concentration of the drug 
in the blood.''’® The choice between oral and 
parenteral dosage for clinical use would thus 
appear to depend upon such factors as relative 
cost and convenience to the patient. 

The results obtained on single r-ersus 
divided dosage (Tables III and IV) indicate 
that the total amount of penicillin X for a 
single day of treatment could be given in 1 or 
2 doses, instead of 4 or 8 doses, without sig- 
nificant loss of protection. This is in agrec- 

iloPerinott, VC., Biiiin, P. Bf’iioit, JI., 
rinBois, I;., ;iii<I Kcynabls, M. K., .S. Clhi. Invc.^t., 
lP4f.. 25, 190. 

Hoffm.in. tv. S., .nid Voliiii, I. I'., .Im. ,7. Mc<7. 
Set.. IPir, 2i;{, .)I3. 
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TABLE II.* 


No. 159 

Cells 

Plasma cells 

Plasmacellular 

reticulum 

cells 

Reticulum 

cells 

Effect of Active Sensitization and Shock on Bone Marrow. 


Control 

1000 

9.50 

2 

9,75 

Pre-shock 

1000 

15.50 

37.4 

8.20 

24 hrs post sliock 

1000 

34.20 

10.5 

9.20 

4 days post shock 

1000 

3C.20 

11.75 

10.50 

Effect of Passive Sensitization and .Shock 

on Bone Marrow, 


xSo, 1058 

Control 

1000 

.>.25 

1 

9..50 

Prc-sliock 

1000 

9.0 

2,5 

10.2 

24 Iir.s post sliock 

1000 

C.7 

1.5 

7.2 

4 days post shock 

1000 

6.2 

2.5 

1.0 

Xo. 1055 

Control 

1000 

7.0 

5.5 

19 

Prc-siiock 

1000 

S.5 

5.25 

13.5 

24 lirs post shock 

1000 

C.5 

2.75 

14.5 

4 days post shock 

1000 

7.75 

4,25 

11.50 


* Each figure is the mean of four 1000 cell counts. 


method of Kolouch.’- Each rabbit ivas given 
an injection of 15-30 cc of rabbit serum ob- 
tained from the actively sensitized rabbits 
described above. Eighteen hours later im- 
prints were made of the bone marrow. Si.v 
hours later (24 hours after the injection of 
serum from the hypersensitive rabbits) each 
rabbit was injected with .4 cc egg white intra- 
venously. All animals save one showed some 
degree of anaphylactic shock. 

Each animal which showed shock was sub- 
jected to rib biopsy S, 24, and 96 hours after 


V' ; 






Fjo. I. 

Bone marrow imprint from passively rensitizcil 
r.ahhit illuslr.ating the presence of n’orm.a! bone 
marrow. Note lacl: of plasma cells .ami pla'ma- 
ccllnhar Tcticniiim cells. Cf. Kolonch, Good, .and 
Campbell, -0 Fijj. 2, ' 


the shock, and a large number of lOOO-cell 
differential counts was made. 

Results. The effect of passive sensitization 
and shock on bone marrow may be compared 
to that of active sensitization and shock in 
Table II. 

\\Tiile in active sensitization numerous 
plasmacellular reticulum cells flooded the 
bone marrow and following anaphylactic shock 
the bone marrow became filled with true Mar- 
schalko plasma cells, in passively sensitized 
and shocked rabbits no comparable changes 
were to be noted. The photo-micrograph, Fig. 
1, illustrates this relationship. It is apparent 
that the cytomorphic cycle culminating in 
bone marrow plasmacytosis following active 
immunization or active sensitization and shock 
is due to factors other than reticular reaction 
secondarj’ either to the presence of altered 
globulin in the form of antibody protein in 
the blood or tissues or factors related to the 
local or general effect of anaphylactic shock 
per sc. 

Summary. Studies of serial bone marrow 
biopsies of passively sensitized and shocked 
animals reveal: 1. Passive sensitization to a 
foreign protein docs not activate the reticulum 
as does active sensitization. 2. Anaphylactic 
shock in passively sensitized rabbits is not 
followed by the development of bone marrow 
plasmacj-tosis as is the case with anaphylactic 
shock m actively sensitized nnimals. 
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the interest of Bing and in the rela- 

tionship of bone marrow plasmac 3 'tosis to 
hj^ierglobulinemia there has accumulated a 
recent literature which clearly demonstrates 
that in man and animals reticular organ 
plasmacytosis occurs concomitant to the de- 
velopment of hj'perglobulinemia in a great 
variety of conditions. Kolouch/-’^^ studjdng 
myelograms of animals sensitized to and 
shocked with bacterial antigens, discovered a 
cytomorphic cycle initiated by sensitization 
and fired by anaph 3 dactic shock that led to 
bone marrow plasmacytosis. The develop- 
ment of plasma cells, from the plasmacellular 
reticulum of Rohr,^^ Kolouch found to be 
associated with rising serum antibody titer. 
Since this publication, a number of investi- 
gators have become interested in the plasma 
cell of reticular organs and e.vperiments have 
been performed which indicate that this cell 
is the source of abnormal globulin and espe- 
cially antibody globulin.^'^^® In a series of 
experiments Kolouch, Good, and Campbell-® 
clarified the morphological mechanisms of re- 
ticular organ plasma cell genesis as previously 
pointed out by Kolouch and showed that the 
plasma cell content of bone marrow and spleen 
could be increased following active sensitiza- 
tion and shock with simple protein antigen 
(egg white) as well as with bacterial antigen. 
The phenomenon is one, then, of general 

0 Miller, F. K., J. Exp. Med., 1931, Hi, 333. 

10 Perlzwcig, TV. A., Delrue, G., and Gescliicktcr, 
G., J. A. M. A., 1928, 90, 755. 

11 Bing, J., and Plum, P., Acta Med. Scandinav., 

1937, 93, 415. 

12 Kolouch, F., Proc. Soc. Exp. Biol, and Med., 

1938, 39, 147. 

13 Kolouch, F., Thesis IT. of M., 1938. 

14 Kohr, K., Folia haematol., 1935, 53, 305. 

15 Bjocrneboo, M., and Gormsen, H., Nordisk 
Mcdicin, 1941, 9, 891. 

10 Bjoerneboc, M., and Gormsen, H., Eordisk 

Mcdicin, 1943, 19, 1155. 

IT Bjocmcboc, M., and Gormsen, H., Acta Path, 
ct microbial. Scand., 1943, SO, 049, 

iSFagracus, A,, EordisJ; Medicine, 1944, S3, 

,^^ 19 Fagr.acus, A., Kordisl: Mcdicin, 1945, 30, 

1381. , „ , „ n 

20 Kolouch, F., Good, E. A., and Campbell, B., 

J, Lab. and Clin. Med., 1947, 32, 749. 


hj'persensitivity and shock and is not limited 
to bacterial antigens. 

The possible relations of plasmacytosis to 
passive sensitization and shock have never 
been investigated. Bjoerneboe and Gorm- 
sen^^ have shown that passively induced 
hyperglobulinemia does not bring about 
reticular organ plasmacytosis. Bjoerneboe, 
Gormsen and Lundquist®^ as well as 
Fagraeus^® also conducted experiments which 
seemed to indicate that increased plasma cell 
formation does not occur during heightened 
normal globulin formation. Furtlier e.xperi- 
ments carried out in our laboratory- indicate 
that local plasma cell formation, under some 
circumstances at least, is a function of tissue 
hypersensitivity and antigen-antibody inter- 
action. In these e.xperiments the plasma cells 
in the acute inflammatory reaction were 
shown to be a cytological accompaniment of 
hyperergic inflammation. 

In order to test w'hether or not plasma cell 
formation is secondary either to passive sensi- 
tization and shock the following e-xperiments 
were performed. Twenty-four young adult 
albino rabbits xvere actively sensitized to a 
simple protein antigen by injecting egg white 
on alternate days in the following dosages: 

1 cc i.v., .5 cc i.v., and 1 cc i.m. A period 
of 18-30 days was then allowed to elapse be- 
fore these rabbits were used as blood donors 
in the following experiment. Blood was ob- 
tained by cardiac puncture under aseptic pre- 
cautions and allowed to clot. The antibody- 
rich serum was then separated carefully from 
the clot and that from several donors pooled 
to provide the serum used for the passive 
sensitization. 

SLx jmung adult albino rabbits weighing 
4.0 to 5.3 lb were used for this e.vperiment. 
Bone marrow biopsies were made after the 


TABLE I. 


Ko, 

1055 

severe sljock 

» 7 

loss 

inoder.ate ” 

> > 

1057 

mild ” 

77 

1051 

inodcrale ” 

7 t 

1052 

mild ” 

77 

1053 

no ” 


21 Bjoerneboe, Jt., Gormsen, II., .and Lundquist, 


Fr., J. Immunol., 1947, 55, 121. 

22 Good, E. A., unjjublisbed 31,5. 
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I. 

Estimated Hepatic Blood Flow (EHBF) in Patients -ivitli Hepatic Cirrhosis. 


.Subject 

Age 

Sex 

Peripheral 
venous plasma 
concentration 

BSP, 
mg/100 cc 

Change in 
peripheral 
venous 

concentration ■ 
BSP, 

mg/100 cc/min. 

Hepatic 
■ extraction* 
BSP, 

7c 

Total BSP 
removal, 
mg/min. 

EHBF, 

ml/min. 



Lacunec’s Cirrhosis, 

Historv of Chronic Alcoholism. 



I.C. 

4G 

F 

3.74 

.000 

12.0 

2.39 

850 

W.P. 

49 

At 

1.31 

-1-.003 

22.2 

1.4G 

876 

E.W. 

54 

AI 

2.53 

—.005 

18.7 

2.20 

932 

E.IIc. 

G7 

F 

2.15 

-1-.005 

15.8 

1.85 

983 

R.B. 

40 

AI 

1.32 

-l-.ooc 

36.4 

2.76 

990 

J.C. 

G1 

11 

1.48 

-1-.005 

21.4 

2.72 

1320 

L.P. 

50 

11 

0.86 

.000 

24.0 

2.16 

1690 

F.P. 

43 

If 

0.48 

—.002 

42.0 

1.91 

1735 

D.C. 

39 

F 

1.55 

+.010 

10.3 

1.85 

1906 

O.H. 

38 

11 

1.09 

.000 

22.9 

2.54 

1995 

D.IX.t 

GG 

IX 

1.9G 

.000 

3.4 

2.0G 

4020 



Laennee ’s Cirrhosis, 

Without History 

of Alcoholism. 



K.X.t 

38 

F 

1.85 

+.02C 

11.9 

1.35 

1026 

K.M. 

4G 

F 

2.07 

+.003 

5.5 

1.87 

2325 

B.M.t 

46 

11 

0.83 

+.002 

8.4 

2.28 

4620 




Schistosomiasis — ^Periportal Fibrosis. 



M.D.t 

34 

11 

0.72 

.000 

59.4 

2.00 

842 




Biliarv Cirrhosis (Hanot’s) — Periportal Fibrosis. 



E.G.i 

52 

F 

1.90 

+.010 

12.1 

1.45 

1025 




.Svphilitic Cirrhosis — ^Hepar Lobatum. 



J.L.t 

49 

M 

3.00 

.000 

18.4 

1.71 

492 


* Hepatic extraction of Bromsulfalein was calculated as the differeuce between peripheral and 
Iiepatic venous concentrations divided bv the peripheral venous concentration, 
t Diagnosis proved by biopsy or necropsy. 


TABLE II. 

O-vygen Content .and Capacity of Peripheral Arterml and Hepatic Venous Blood in Patient 

with Hepatic Cirrhosis. 


.‘^abject 

Arterial 

Hepatic venous 

Oxygen 

Artcrio-venons 

difference, 

vol. 

Oxygen 
content, 
vol. 7o 

O.xygen 

saturation, 

Te 

f ^ 

O.xygen Oxygen 

content, saturation, 
vol. % 7c 


Lacnncc’s Cirrliosis with Historv of Clironic Alcoholism. 


A.A. 

14.0 

S9.G 

8.3 52.6 

5.7 

R.W. 

19.4 

94.6 

13.9 67.5 

5.5 

F.F. 

17.4 

95.0 

12.0 6.1.2 

5.4 

D.C. 

14.6 

9G.7 

9.5 62.4 

.5.1 

D.ll. 

7.3 

84.5 

6.0 09.0 

1.3 


L.iennec ’s 

i Cirrhosis Without Historv of .Alcoholism. 


K.X. 

15.9 

93.4 

12.5 73.2 


B.ll. 

11.8 

100.0 

6.6 55.2 

5.2 


Schistosomiasis- 

—Periportal Fibrosis. 


IX.D. 

14.S 

96.0 

IS 50.0 

7,0 


Biliary Cirrhosis (Hanot’s) — Periportal Fibrosis. 


F.G. 

15.6 

0G.2 

lO.S 6G.2 

4.8 


Syphilitic Cirrhosis — Hepar Lobatum. 


.T.L. 

14.3 

05.0 

S.O 57.1 

5,7 


with .ilcoholic cirrhosis exhibited a low A-V 
difference, our results do not support Dock’s- 
sugeestion that arterial flow tends to be 
greater in alcoholic than in non-alcoholic 
cirrhosis. 


Su/itmary. The hepatic blood flow tends 
to be low or normal in cirrhosis of the liver 
regardless of etiology. The hepatic oxwgen 
.A.-V difference is usually incre.ased. 
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Estimated Hepatic Blood Flow and Hepatic Venous Oxygen Content in 

Cirrhosis of the Liver. 

S. E. Beadley, F, J. Ixgeefincer, A. E. Groff, and G. P. Bradeey. 

ProJii "the Dcpovtiucut of JiZcdiciiic, Coluuthto ijiiivcTsity CoJtcffc of X^liVRicioiis ou(f S}lT^co^l^^, 
and Preslyterian Sospital, Neio YorV City; Department of itedicinc, Doslon University School 
of Medicine, and Pohert Dawson Evans Memorial Hospital, Massachusetts Memorial Hospitals, 

Boston, Mass. 


The hepatic blood flow in patients with 
cirrhosis is generally believ^ed to be reduced 
because of destruction and distortion of the 
liver’s vascular bed. E.xperiments designed to 
test this belief have been carried out by per- 
fusing cirrhotic livers (obtained at necropsy) 
with saline solution or kerosene, but the results 
have been inconsistent. Working with large 
cirrhotic livers, Herrick* and Dock- concluded 
that the capacity for total blood flow in such 
livers is only moderately decreased and that 
the arterial inflow may even e-vceed the normal 
value. Mclndoe,** who apparently used small, 
fibrotic livers, believed that hepatic blood flow 
is greatly reduced by increased resistance to 
flow in both hepatic arterial and portal venous 
systems. We have studied the problem in 14 
patients with Laennec’s cirrhosis, 11 of them 
with a history of chronic alcoholism, and 3 
patients with cirrhosis due respective!}’ to 
Schistosomiasis, s}'philis, and chronic peri- 
portal inflammation (biliary cirrhosis). 

Methods. Hepatic blood flow (EHBF) 
was estimated on the basis of the hepatic 
Bromsulfalein (BSP) clearance.-* Hepatic 
venous blood samples ivere obtained by means 
of a venous catheter” placed in an hepatic 
vein of the right lobe of the liver under 
fluoroscopic control. Arterial blood was sam- 
pled simultaneously through an indwelling 
arterial needle from a brachial or femoral 
artery. O.vygen was determined in blood 
after the method of Van Slyke and NeilF and 
BSP was measured colorimetrically.* O.xygen 

e Dock, W., Trans. Jssn. Am. Phys., 1942, 


302. 

sjicliuloc, A. n.. Arch. Path., 192S, 5, 23. 
•iBradlev, S. E., Ingclfinger, F. J., Brndlej-, 
G. P., ana Curry, J. J., J- CUn. Invest., 194u. -4, 

^^a Courn-ina, A., and Banges, H. A., Pr.oc. Eoc. 
Ext. Bion. and Med., 1941, 40, 4G-. 


concentrations were corrected on the basis of 
average arterial oxygen capacities. The sub- 
jects, selected from the wards of the Evans 
hlemorial Hospital, Boston, and the Presby- 
terian Hospital, New York, were studied in 
the fasting basal state. 

Results and Comment. Estimated hepatic 
blood flow was found definitely below normal 
(1000 to 2000 ml per minute) in 7 of 17 sub- 
jects, regardless of the etiology of the cirrho- 
sis (Table I). In only 3 was EHBF signifi- 
cantly increased, whereas in 7 patients EHBF 
lay within the normal range. 

The high values for EHBF obtained in 
K.M., B.M., and D.M. cannot be accepted 
without qualification, because tlie difference 
between the concentrations of BSP in hepatic 
and peripheral blood was so small that even a 
minor analytical error could have affected 
the EHBF significantly. Furthermore, in 
patients with severely damaged liv’ers, the 
total amount of BSP removed by the liver 
ma}’ be over-estimated. In normal subjects, 
the removal is so efficient that any c.xtra- 
hepatic removal is probably negligible, but in 
cirrhotics impairment of removal b\' the liver 
makes possible a proportionally greater re- 
moval e.xtra-hepaticall}’. Thus the error intro- 
duced by ascribing e.xtra-hepatic removal of 
BSP to the liver would operate to yield falsely 
high values for EHBF. Hence, the prepon- 
derance of low values among the patients 
studied becomes more significant. 

The data on oxx'gen content of hepatic 
venous blood is best discussed in terms of 
tlie arterio-venous difference. In all but 2 
cases (see Table II) the oxygen .A-^’ differ- 
ence was greater than the normal difference 
between arterial and hepatic venous blood 
(2. 5-4.5 ml ^o). Since only one of 5 subjects 

e V.-inSlrke, D. D., .ina Xcill, .T. M., J. Biol. 
Chem., 1924, «1, 523. 
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TABLE I. 

Penicillin Besistanee Induced in Group A Beta Hemolytic Streptococci by Subculture on 

Penicillin Aledium. 


Stiain 

Number of 
transfers 

Initial penicillin 
Sensitivity,* 
u/ml 

Final penicillin 
Sensitivity,* 
u/inl 

Fold cliange 

Si 

GO 

.01 

.04 

4 

So 

GO 

.02 

.04 

O 


GO 

.01 

.17 

17 

Si 

GO 

.01 

.01 

0 

Ss 

GO 

.01 

.045 

4.5 


60 

.01 

.04 

4 

■Ds 

GO 

.01 

.OG 

6 

Ug 

60 

.01 

.17 

17 


60 

.01 

.04 

4 

Ao 

GO 

.01 

.04 

4 

Bo 

5G 

<.01 

.015 

>1.5 


56 

<.01 

.02 

>2 

Kg 

5G 

<.01 

.03 

>3 


* Penicillin sensitivity is defined as the liiglicst concentration of penicillin in the medium 
wliich permits colonics to grow. 


Penicillin sensitivity is defined as the maxi- 
mum concentration of penicillin on which 
bacterial growth occurs on the medium in the 
trough. 

To induce resistance, 5 to 7 strains of 
streptococci were inoculated in single lines on 
each blood agar plate of a series. Between 
3 and 8 concentrations of penicillin were used 
in a set for each serial transfer. In the R 
series, subcultures were made alternately on 
plain blood infusion broth and blood agar 
medium containing penicillin for a total of 56 
serial transfers on each. In the A, S, T, and 
U series the confluent bacterial growth on the 
blood agar plate was emulsified in saline and 
subcultured directly to a new set of plates; 
a total of 60 such subcultivations was made 
in each series. Transfers to the next set of 
plates were made from colonies on medium 
with the highest concentration of penicillin 
permitting growth. The penicillin sensitivity 
for any transfer was considered to be the 
highest concentration of penicillin that 
allowed good growth. 

Mouse virulence titrations were made as 
follows: The organisms were incubated at 
37 "C for 18 hours in tryptose phosphate 
broth (Difco) containing 5% normal horse 
serum. The culture was centrifuged at 2000 
RPM for 5 minutes, the supernatant fluid 
discarded, and the sediment resuspended in a 
sufficient quantity of normal saline to give a 
final density equal to thehIcFarland Standard 


No. 1. The average plate colony count with 
this concentration of organisms W’as approx- 
imately 2 X lO® organisms per ml of the 
saline suspension. Four- to five-week-old 
white mice (Germantown strain) were inocu- 
lated intracerebrally in pairs with 0.03 ml of 
the 10® to 10* dilution of the organisms. For 
this procedure the mice were lightly anes- 
thetized with ether, the skin and hair ster- 
ilized with iodine, and the injection made 
midway between the right ear and eye at a 
depth of approximately 4 mm. The infected 
mice were observed for a period of five days. 
The LDso W’as calculated by the Reed and 
Muench formula. 

A. Resistance Acquired on Media Con- 
taining Penicillin. Thirteen strains of Group 
.A streptococci were subcultivated serially in 
an attempt to induce resistance to penicillin. 
A seventeen-fold rise in penicillin resistance 
was the maximum change obtained. In only 
two strains did an increase of this magnitude 
occur. Eleven organisms showed either no 
change or only a slightly increased resistance 
after 56 to 60 transfers onto media containing 
penicillin. Table I summarizes these results. 

B. Resistance Acquired on Control Media. 
Eight sensitive parent strains of Group A 
streptococci were subcultured serially on 
penicillin-free blood agar medium. After 60 
transfers no appreciable increase in penicillin 
resistance was found when tested by the 
penicillin whole plate method or by the ditch 
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Antibiotic Studies on Beta Hemolytic Streptococci. 

I. Penicillin Resistance Acquired by Group A Organisms. 

Horace M. Gezon. (Introduced by C. Phillip Jliller.) 

From the Department of Pediatrics, University of Chicago. 


There are many reports on the develop- 
ment in vitro of resistance to penicillin by 
staphylococcus, pneumococcus, and meningo- 
coccus, but few on beta hemolytic strepto- 
coccus. Two groups of investigators studied 
a single strain of streptococcus (C203, a 
Group A, type 1 organism) and reported 
somewhat different rates of development of 
resistance. Rake and his co-workers^ found 
a 30-fold increase in resistance after 58 
transfers in penicillin broth, while Todd et al." 
noted only a 5-fold increase after 35 sub- 
cultures and a 4-fold increase after 78 sub- 
cultures in penicillin broth. No references 
to induced resistance for other strains of 
Group A streptococci and none for Group B 
or C organisms were found. 

The present study was made to look for 
differences among strains within the A Group. 
Those reported in the succeeding two com- 
munications were undertaken to compare 
these with the behavior of Group B and C 
organisms respectively. Variations in peni- 
cillin sensitivity have been shown by organ- 
isms of these 3 serological groups.®'® The 

1 a. ATcKee, C. AT., and Hoiict, C. i., Pkoc. Soc. 
Esp. Bioi.. a:nd Med., 1943, 58, 33; b. Bake, G., 
McKee, C. M., Hamro, D, M., and Houck, C. L., 
d. Immunol., 1944, 48, 271. 

2 Todd, E. IV., Turner, 6. S., and Brew, E. 6. 
tv., Drit. Med. J., 1945, 2, 003. 

3 Watson, 1?. E., PROC. Soc. Exp. Biol, and 
Med., 1944, 57, 05. 

4.Selbic, F. B., Simon, B. D., and McIntosh, J., 
J. Path, and Bact., 1945, 57, 47. 

5 Springaru, 0. L., and King, A. N., U. S. Nav. 
Med. Bull, 1940, 40, 239. 

0 Simmons, B. T., and Christie, B., M. J. Jus- 

tralia, 1940, 1, 349. .r., , 

7 Bantz, E. A., Bandall, E., Spink, "W. A7., and 
Boisrert, P. E., Pkoc. Soc. Exp. Biol, and Med., 
1940, 02, 54. 

s Bntherlord, B. H., Marquardt, G. H., and 1 an 
Bavensivaay, A. C., d. Missouri State Med. Assn., 
1940, 535. 


similarities and differences reported by these 
investigators were observed bj' us in a screen- 
ing test of 203 recently isolated strains of 
Group A, 16 strains of Group B, and 24 
strains of Group C streptococci, using the 
Fleming® ditch plate method. 

Materials and Methods. All the strains 
of beta hemolytic streptococci were isolated 
from cultures of .the nose or throat obtained 
from patients with acute upper respiratory' 
disease. None had received penicillin therap)’. 
The organisms were grouped by' the Lancefield 
technic. Bacto heart infusion agar (Difeo), 
containing 5% defibrinated sheep’s blood, was 
used as the solid medium. Veal infusion 
broth, containing 5% defibrinated sheep’s 
blood, served as the liquid medium. In lire 
earlier series, designated R and A, commercial, 
amorphous sodium penicillin (Lederle) was 
used, while in the later series, S, T, and U, 
ciy'stalline sodium penicillin G (Lilly) was 
employed. Standardization of these peni- 
cillins and the final sensitivity' tests were per- 
formed with standard sodium penicillin G* 
with a potency of 1667 units per mg. 

The ditch plates used to determine the 
penicillin sensitivity of streptococci were pre- 
pared by' removing a central trough from a 
blood agar plate and replacing it with melted 
agar containing 5% sheep’s blood and varying 
concentrations of standard penicillin G. When 
this central strip solidified, heaw inocula of 
organisms were streaked in rows directly’ 
across the plate. The character of the growtli 
on both penicillin and penicillin-free media 
was observed on these plates. The absolute 
penicillin sensitivity', however, could not be 
measured by' this technic since penicillin dif- 
fused into the agar adjacent to the trough. 

0 Fleming, A., Froc. Boy. Soc. Med., 1941, HI, 
342, 

‘Supplied tJirougli tlio courter of Br. Ilcnr;' 
Welch, Chief of the Division of Pcniciiiin Controi 
.ind Immunology, Pood nnd Drug AdminBlmtion. 



Penicillin Resistance Group A Streptococci 


209 


TABLE I. 

Penicillin Eesistanee Induced in Group A Beta Hemolytic Streptococci by Subculture on 

Penicillin Medium. 


Strain 

Number of 
transfers 

Initial penicillin 
Sensitivity,* 
u/ml 

Final penicillin 
Sensitivity,* 
u/ml 

Fold cliange 

Si 

GO 

.01 

.04 

4 


GO 

.02 

.04 

0 

S3 

GO 

.01 

.17 

17 

S4 

GO 

.01 

.01 

0 

S5 

GO 

.01 

.045 

4.5 

So 

60 

.01 

.04 

4 

'D’s 

60 

.01 

.06 

6 

■Oc 

60 

.01 

.17 

17 

Ai 

GO 

.01 

.04 

4 

Ao 

60 

.01 

.04 

4 

Bo 

5G 

<.01 

.015 

>1.5 

E 4 

56 

<.01 

.02 

>2 

E5 

56 

<.01 

.03 

>3 


• Penicillin sensitivity is defined as the highest concentration of penicillin in the medium 
which permits colonies to grow. 


PenicUlin sensitivity is defined as the maxi- 
mum concentration of penicillin on which 
bacterial growth occurs on the medium in the 
trough. 

To induce resistance, S to 7 strains of 
streptococci were inoculated in single lines on 
each blood agar plate of a series. Between 
3 and 8 concentrations of penicillin were used 
in a set for each serial transfer. In the R 
series, subcultures were made alternately on 
plain blood infusion broth and blood agar 
medium containing penicillin for a total of 56 
serial transfers on each. In the A, S, T, and 
U series the confluent bacterial growth on the 
blood agar plate was emulsified in saline and 
subcultured directly to a new set of plates; 
a total of 60 such subcultivations was made 
in each series. Transfers to the ne.xt set of 
plates were made from colonies on medium 
with the highest concentration of penicillin 
permitting growth. The penicillin sensitivity 
for any transfer was considered to be the 
highest concentration of penicillin that 
allowed good growtli. 

Mouse virulence titrations were made as 
follows: The organisms were incubated at 
37°C for IS hours in tr3'ptose phosphate 
broth (Difeo) containing 5% normal horse 
serum. The culture was centrifuged at 2000 
RPM for 5 minutes, the supernatant fluid 
discarded, and the sediment resuspended in a 
sufficient quantitj* of normal saline to give a 
final density equal to the hIcFarland Standard 


No. 1. The average plate colony count with 
this concentration of organisms was appro.x- 
imately 2 X 10“ organisms per ml of the 
saline suspension. Four- to five-week-old 
white mice (Germantoum strain) were inocu- 
lated intracerebrally in pairs with 0.03 ml of 
the 10“ to 10^ dilution of the organisms. For 
this procedure the mice were lightly anes- 
thetized with ether, the skin and hair ster- 
ilized with iodine, and the injection made 
midway between the right ear and eye at a 
depth of approximately 4 mm. The infected 
mice were observed for a period of five days. 
The LDjo was calculated by the Reed and 
Muench formula. 

A. Resistance Acquired on Media Con- 
taining Penicillin. Thirteen strains of Group 
A streptococci were subcultivated serially in 
an attempt to induce resistance to penicillin. 
A seventeen-fold rise in penicillin resistance 
was the maximum change obtained. In only 
two strains did an increase of this magnitude 
occur. Eleven organisms showed either no 
change or only a slightly increased resistance 
after 56 to 60 transfers onto media containing 
penicillin. Table I summarizes these results. 

B. Resistance Acquired on Control Media. 
Eight sensitive parent strains of Group A 
streptococci were subcultured serially on 
penicillin-free blood agar medium. After 60 
transfers no appreciable increase in penicillin 
resistance was found when tested fay the 
penicillin whole plate method or by the ditch 
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T*VBLE II. 


Comparison of tlie Bates of Development of Peni- 
cillin Besistance of Parent and Control Strains of 
Streptococci. 


Strain 

Mean of first 

15 transfers 
of parent* 
strain on 

peniciltin medium 
u/ml 

Mean of first 

15 transfers 
of eontrolt 
strain on 

penicillin medium 
ll/ml 

Si 

.013 

.025 

So 

.015 

.012 

S3 

.011 

.013 

S4 

.012 

.017 

S3 

.015 

.009 


.011 

.011 

Vs 

.010 

.008 

Vg 

.015 

.019 


* Parent strain is a fresWy isolated organism. 
f Control strain is the parent strain after 60 
transfers on control medinm. 


plate method. 

Because preliminarj'- results suggested that 
adaptation of the streptococci to growth on 
artificial medium influenced the development 
of penicillin resistance, the organisms after 60 
subcultures on control medium were changed 
to penicillin medium for IS transfers. The 
mean value for the first IS subcultures of the 
parent and the control strains on penicillin 
medium are given in Table II. From these 
values it is evident that repeated subculturing 
on plain blood agar does not facilitate the 
acquisition of resistance to penicillin for 
most strains of Group A streptococci. 

C. Zoss of Acquired Resistance. Five 
strains of streptococci after 56 to 60 
transfers on penicillin agar, were subcultured 
serially on penicillin-free medium in an 
attempt to restore the original sensitivity. 
The three strains from the R series (R2, 4, 
and 5) were transferred daily 25 times and 
the 2 strains from the A series (A1 and 2), 
SO times. At the end of 25 subcultures^ 4 of 
the 5 strains had returned to their original 
level of penicillin sensitivity. After SO trans- 
fers the fifth strain had returned to jts original 
level. Todd and his co-workers" observed 
this same behavior with a resistant culture of 
the C203 strain after 76 transfers in plain 
broth. 

Four strains were passed serially by intra- 
cerebral inoculation in white mice. Ah 
these streptococci had returned to their 


original level of penicillin sensitivity by the 
12th passage. 

D. Change in Virulence. IMoiise virulence 
titrations were performed on 10 of the 13 
parent strains, on subcultures of the same 
strains after 60 transfers on control medium, 
and on all strains after 56 to 60 transfers on 
penicillin medium. The results are sum- 
marized in Table III. .All strains showed a 
marked loss of mouse virulence after serial 
transfers on penicillin medium. Alost of the 
strains demonstrated relatively little loss of 
mouse virulence after serial transfers on con- 
trol medium. 

In an attempt to restore the virulence lost 
by growth on penicillin medium, five strains 
were passed intracerebrally 12 times through 
mice. An increase in virulence occurred in 
3 of 5 strains. 

E. .Antigenic, Hemolytic, and Colonial 
Changes. The serological behavior of the 
streptococci after 56 to 60 serial transfers on 
penicillin or penicillin-free medium is given 
in Table IV. In 6 resistant and 2 control 
strains (f. e., after repeated transfers on 
control medium) we were unable to demon- 
strate the presence of the group specific pre- 
cipitinogen by the Lancefield technic. 

A change in the hemoli'tic behavior of the 
streptococci when growing on penicillin me- 
dium was obsen^ed in 10 of the 13 strains 
studied. Transient conversion from beta to 
alpha or gamma type of colony appeared 
Avhen the organisms were growing on maximal 
concentrations of penicillin. The same 
strains showed the normal beta hemolysis on 
lower concentrations of penicillin or on plain 
blood agar. In some instances a mi-xture of 
alpha, beta, and gamma tiqies of colonies 
was evident in a given culture on the same 
concentration of penicillin. When single 
colonies of any of these tnies were picked 
under a dissecting microscope and subcultured 
on lower concentrations of penicillin or on 
plain blood agar, they alwai’s showed beta 
hemoli'sis. The possibility of contamination 
was eliminated b\' regrouping isolated alpha 
and gamma colonies. 

The colonial appearance of resistant strains 
of streptococci did not differ appreciably 
from the parent or the control strains. How- 
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TABLE m. 

Mouse Virule nce of Group A Streptococci Tvitli Acquired Penicillin Besistauco. 

LD;o* after 60 transfers on LDjo® of resistant 

Initial , > strain after 12 

Strain control medium penicillin medium mouse passages 


Si 

.0000096 ml 

.00012 ml 

.0030 ml 

.000048 ml 

si 

.00012 

.00048 

.015 

.00096 

S3 

.00096 

.000039 

>.03 


Si 

.000030 

.00075 

>.03 


si 

.000090 

.00012 

.015 


Sc 

.000030 

.000096 

>.03 


■U 3 

.0004S 

.00019 

>.03 


Po 

.0012 

.00096 

>.03 


-^1 

.00096 

.0090 

.0060 


Ao 

.000030 

.0090 

.0096 


Bo 



.030 

.0090 

B4 



.030 

>.03 

E 3 



.030 

>.03 


* LEjo is stated as the amount of undiluted bacterial suspension in normal saline that 
will kill 50% of the mice injected. This suspension has a density equal to McFarland No. 1 
standard and contains approximately 2 X 109 organisms per ml. 


TABLE rv. 

Group Specificity of Streptococci After 56 to 60 Serial Transfers on Penicillin and Penicillin- 

free Media. 







Strain 




'sT 

So 

S3 S4 

■S5 

Sc 

U5 Uo 

-^1 

An 

Eo E4 Ej 

Parent culture 

A 

A 

A A 

A 

A 

A A 

A 

A 

AAA 

Pinal control culture 

A 

A 

A A 

A 

A 

N A 

N 

A 

» ^ 

Pinal penicillin-resistant culture 

A 

A 

A A 

A 

A 

N N 

A 

N 

N N N 


A group A. 

N = not groups A, B, or C. 
— = grouping not performed. 


ever, transient changes were noted during the 
process of serial transfers when organisms 
were growing on maximal concentrations of 
penicillin. On these plates the colonies fre- 
quently were tiny with narrow zones of alpha 
or beta hemolysis or with gamma hemolysis. 
No permanent dissociation from mucoid to 
matt or matt to glossy types was observed. 
When heavy inocula were streaked on plates 
with a concentration of penicillin too high to 
permit visible colonies, hemolysis in the me- 
dium and a disappearance of the surface 
luster were commonly found. Subcultures 
from these plates failed to grow. 

Discussion and Conclusions. Penicillin re- 
sistance in strains of Group A streptococci 
would be of considerable clinical importance, 
but there is little evidence that such strains 
actually produce human infections. No 
proven instance has been found in a review 
of the literature. Experimentally, resistance 
to penicillin can be induced in most strains 


by in vitro technics. However, the increase 
in resistance, as compared w'ith that of strains 
of staphylococci, is relatively slight with a 
17-fold rise as the maximum change obtained. 
Using in vivo methods in embryonated eggs 
and in mice,^® no alteration in penicillin sen- 
sitivity was observed. Furthermore, when 
resistance is induced, animal virulence falls. 
A similar loss of animal virulence has been 
described by Miller and Bohnhoff^^ for menin- 
gococci and McKee and Houck^'’-^” for the 
C203 strain of Group A streptococcus, t^pe 3 
pneumococcus and staphylococcus. 

The change in hemolysis seen in strepto- 
cocci that are growing on medium containing 
penicillin may be the result of an alteration 
by penicillin in the metabolism of the organ- 
ism. A change in streptolysin 0 or S must 

19 Unpublislicd data. 

11 Miller, C. P., .and Bolmhofli, M., J. Inf. Bis 
1947, 81, 147. 
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TABLE II. 


Comparison of tlie Bates of Development of Peni- 
cillin Resistance of Parent and Control Strains of 
Streptococci. 


Strain 

Mean of first 

15 transfers 
of parent* 
str.'iin on 

penicillin medium 
u/ml 

Mean of first 

15 transfers 
of control i 
strain on 

penicillin medium 
ii/ml 

Si 

.013 

.026 

S. 

.015 

.012 

S3 

.011 

.013 

S4 

.012 

.017 

Sj 

.015 

.000 

Sc 

.011 

.011 

u- 

.016 

.008 

Uc 

.015 

.019 


* Parent strain is a freshly isolated organism, 
t Control strain is the parent strain after 60 
transfers on control medium. 


plate method. 

Because preliminary results suggested that 
adaptation of the streptococci to growth on 
artificial medium influenced the development 
of penicillin resistance, the organisms after 60 
subcultures on control medium were changed 
to penicillin medium for IS transfers. The 
mean value for the first 15 subcultures of the 
parent and the control strains on penicillin 
medium are given in Table II. From these 
values it is evident that repeated subculturing 
on plain blood agar does not facilitate the 
acquisition of resistance to penicillin for 
most strains of Group A streptococci. 

C. Loss of Acquired Resistance. Five 
strains of streptococci after 56 to 60 
transfers on penicillin agar, were subcultured 
serially on penicillin-free medium in an 
attempt to restore the original sensitivity. 
The three strains from the R series (R2, 4, 
and S) were transferred daily 25 times and 
the 2 strains from the A series (AI and 2), 
50 times. At the end of 25 subcultures 4 of 
the 5 strains had returned to their original 
level of penicillin sensitivity. After 50 trans- 
fers the fifth strain had returned to jts original 
level. Todd and his co-workers- observed 
this same behavior with a resistant culture of 
the C203 strain after 76 transfers in plain 
broth. 

Four strains were passed serially 
cerebral inoculation in white mice, ® 
these streptococci had returned to their 


original level of penicillin sensitivity by the 
32tb passage. 

D. Change in Virulence. Itlouse virulence 
titrations were performed on 10 of the 13 
parent strains, on subcultures of the same 
strains after 60 transfers on control medium, 
and on all strains after 56 to 60 transfers on 
penicillin medium. The results are sum- 
marized in Table III. All strains showed a 
marked loss of mouse virulence after serial 
transfers on penicillin medium. IMost of the 
strains demonstrated relatively little loss of 
mouse I'irulence after serial transfers on con- 
trol medium. 

In an attempt to restore the virulence lost 
b\' growth on penicillin medium, five strains 
were passed intracerebrally 12 times through 
mice. An increase in virulence occurred in 
3 of 5 strains. 

E. Antigenic, Hemolytic, and Colonial 
Changes. The serological behavior of the 
streptococci after 56 to 60 serial transfers on 
penicillin or penicillin-free medium is given 
in Table IV. In 6 resistant and 2 control 
strains (/. e., after repeated transfers on 
control medium) we were unable to demon- 
strate the presence of the group specific pre- 
cipitinogen by the Lancefield technic. 

A change in the hemolytic behavior of the 
streptococci when growing on penicillin me- 
dium was observed in 10 of the 13 strains 
studied. Transient conversion from beta to 
alpha or gamma tjqie of colony appeared 
when the organisms were growing on maximal 
concentrations of penicillin. The same 
strains showed the normal beta hemolysis on 
lower concentrations of penicillin or on plain 
blood agar. In some instances a mi.vtiire of 
alpha, beta, and gamma t3'pes of colonics 
w'as evident in a given culture on the same 
concentration of penicillin. VTien single 
colonies of any of these tj-pes were picked 
under a dissecting microscope and subcultured 
on lower concentrations of penicillin or on 
plain blood agar, thej’ always showed beta 
hemolysis. The possibility of contamination 
was eliminated by regrouping isolated alpha 
and gamma colonies. 

The colonial appearance of resistant strains 
of streptococci did not differ appreciably 
from the parent or the control strains. How- 
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TABLE I. 

Induced Benicillin Besistanee in Group B Beta HemoMic Streptococci. 


Str.aiu 

Kumber of 
passages 

Initial penicillin 
sensitivity,* 
n/ml 

Pinal penicillin 
sensitivitv,* 
n/ml" 

Fold change 

Ti 

GO 

.03 

.34 

11 

To 

60 

.03 

.65 

2- 

T 3 

60 

.03 

.65 



GO 

.03 

.00 

IS 

Ta 

00 

.03 

1.35 

45 

Tc 

CO 

.03 

.65 

00 

Tt 

60 

.03 

.65 

o.-j 

-^5 

GO 

.015 

.90 

GO 


60 

.015 

.SO 

53 

El 

oG 

.01 

1.90 

190 


* Pemcillin sensitmty is defined as tlie liigliest concentration of penicillin in tlie medium 
rvliicU pennits colonies to grow. 


Strain which developed a 190-fold increase 
in resistance in 56 transfers. However, be- 
tween each transfer of this organism on peni- 
cillin medium it was subcultured in penicillin- 
free blood broth. With the other nine bac- 
teria, the increase in penicillin resistance by 
the plate to plate technic varied from 11 to 
60-foId in 60 serial transfers. 

B. Acquired Resistance on Control Media. 
Seven strains subcultured from the original 
parent stock were transferred serially on 
penicillin-free blood agar plates. None of 
the group B organisms studied showed a 
change in penicillin sensitivity after 60 trans- 
fers, nor did they acquire resistance more 
rapidly than the parent strain when cultured 
subsequently on penicillin medium for the 
61st to 75th passages. The results are given 
in Table 11. This same behavior was de- 
scribed for Group A streptococci in the pre- 
ceding communication.'* 

C. Loss of Acquired Resistance. Three 
strains of streptococci, after acquiring peni- 
cillin resistance, were subcultured on plain 
blood agar. The Ri strain was transferred 
25 times, and the A5 and .*^0 strains 50 times. 
At the end of tliese serial subcultures there 
was no loss of the acquired resistance in any 
of the 3 organisms studied. 

Three resistant organisms were passed 
serially by intracerebral inoculation in white 
mice for 12 passages. Again there was no loss 
of acquired resistance to penicillin. 

Change in Virulence. Using the method 
described in the preceding communication,® 
the mouse virulence studies were performed 


TABLE ir. 


Comparison of the Kates of Development of Kcn- 
icilUn Besistanee of Parent and Control Strains 
of Strcptoeocci. 


Strain 

Mean of first 

15 transfers 
of parent* 
strain on 

penicillin medium 
u/ml 

Mean of first 

15 transfers 
of controlf 
strain on 

penicillin medium 
n/ml 

T, 

.OSS 

.072 

T-. 

.0S3 

.050 

T 3 

.120 

.051 

T 4 

.099 

.070 

Td 

.105 

.070 

Tc 

.094 

.059 

Tv 

.100 

.070 


* Parent strain is a freshly isolated organism, 
t Control strain is the parent strain after 60 
transfers on control medium. 


on all 10 strains. The results are summarized 
in Table III. As with the group A organ- 
isms, all strains lost virulence after serial 
transfers on penicillin medium. The majority 
showed relatively little change after serial 
transfers on control medium. 

Three resistant strains were passed 12 times 
through mice to restore the lost pathogenicity. 
The virulence reappeared in one strain. In 
2 strains no significant cliange occurred. 

Antigenic, Hemolytic, and Pigment Changes. 
The results of the serological grouping of the 
streptococci before and after serial transfers 
on penicillin and control media are sum- 
marized in Table IV. In 2 resistant and one 
control strain, it was not possible to demon- 
strate the presence of the group specific pre- 
cipitinogen. A majority of the organisms in 
each classification remained groupable. 
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also be considered. Further study is neces- 
sarj'^ to elucidate the nature of this interesting 
phenomenon. 

Summary. 1. Thirteen strains of Group A 
streptococci were transferred serially on me- 
dium containing penicillin in an effort to 
induce resistance. Two strains developed a 
17-fold increase in resistance. Eleven strains 
either remained unchanged or showed an 
increase up to only 6-fold at the end of 60 
subcultures. 

2. No increased resistance was induced in 
the same organism by serial transfers on con- 
trol medium. 

3. Strains w’hich had acquired resistance 
were restored to their original level of peni- 
cillin sensitivity by serial subculture on 


penicillin-free medium or by serial intra- 
cerebral passages in mice. 

4. A marked loss of virulence for mice was 
shown by all resistant strains of streptococci. 
The virulence was restored in 2 strains by 
passage in normal mice. 

5. In about one-half of the resistant strains 
the group specific antigen could not be demon- 
strated. 

6. Transient changes in the colonial ap- 
pearance, and changes in hemolysis from beta 
to alpha or gamma were shown b}' most 
strains when growing on maximal concentra- 
tions of penicillin. 

I wish to acknowledge the valuable technical 
assistance given in these studies by Ernst Jaffe, 
Sylria Simons, Deborah Patinkin, and Bobert Goff. 
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Most strains of group B beta hemolytic 
streptococci possess a higher degree of initial 
penicillin resistance than group A organisms. 
The range reported by 3 groups of investiga- 
tors^'^^’® was 0.0625 to 0.25 units of penicillin 
per ml of medium. We have found the upper 
and lower limits of sensitivity to extend from 
0.01 to 0.10 unit of penicillin per ml of 
medium by the Fleming ditch-plate method^ 
for 16 freshly isolated strains of group B 
streptococci. 

The present study was carried out in an 
effort to determine the rate of development of 
penicillin resistance in vitro. In addition we 

1 Watson. R. F., Peoc. .Soc. E.xp. Biol. Meo., 
1.044, 57, C5. 

2Sinimon.s, R. T., and Christie, R., JL. d. d»s- 
iraiia, 194C. I, 349. 

3 Rutherford, R. IE, itarquardf, G. A., .and Tan 
Ravensw.any, A. C., J. Missouri State Med. Jssn., 

^^4 Fleming, A., Proc. Poy. Soc. Med.. 1941, 34, 
342. 


were interested in learning whether the anti- 
genic, hemolytic, colonial, and mouse virulence 
changes found in resistant group A organisms® 
occurred in group B streptococci. 

Results. A. Acquired Resistance on il/c- 
diiim Containing Penicillin. Ten strains of 
group B streptococci were transferred on 
increasing concentrations of penicillin. The 
results are given in Table I. A straight line 
curve results when the mean of fifteen trans- 
fers is plotted on semi-logarithmic paper. The 
graph of the daily values shows the same 
general trend but with many irregularities 
in the cur\'e. These \’ariations can be e.x- 
plained by slight differences in the amount 
of medium per plate, daih' loss of potency of 
penicillin in stock solution, and errors in judg- 
ment in estimating the proper range of peni- 
cillin concentrations needed for each transfer. 

The ma.vinium change occurred in the Ri 

Gczoii, II. M., Peoc. Soc. E.vr. Biol. a::d .Med., 
194S, 07, SOT. 
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TABLE I. 


Induced PenlciUin Besistance in Group B Beta Hemolytic Streptoeocei. 


Strain 

Number of 
passages 

Initial penicillin 
sensitivity,* 
n/ml 

Pinal penicillin 
sensitivity,* 
u/ml 

Fold change 

Tr 

CO 

.03 

.31 

11 

To 

GO 

.03 

.65 

no 

Ta 

60 

.03 

.65 

on 


GO 

.03 

.55 

IS 


60 

.03 

1.35 

45 

To 

60 

.03 

.05 

no 

Tt 

60 

.03 

.65 

on 

-^5 

60 

.015 

.90 

60 


GO 

.015 

.80 

53 

El 

56 

.01 

1.90 

190 


* Pemcillin sensitivity is defined as the highest concentration of penicillin in the medium 
wliich permits colonies to grow. 


Strain which developed a 190-fold increase 
in resistance in 56 transfers. However, be- 
tween each transfer of this organism on peni- 
cillin medium it was subcultured in penicillin- 
free blood broth. With the other nine bac- 
teria, the increase in penicillin resistance by 
the plate to plate technic varied from 11 to 
60-fold in 60 serial transfers. 

B. Acquired Resistance on Control Media. 
Seven strains subcultured from the original 
parent stock were transferred serially on 
penicillin-free blood agar plates. None of 
the group B organisms studied showed a 
diange in penicillin sensitivity after 60 trans- 
fers, nor did they acquire resistance more 
rapidly than the parent strain when cultured 
subsequently on penicillin medium for the 
6 1st to 7Sth passages. The results are given 
in Table II. This same behavior was de- 
scribed for Group A streptococci in the pre- 
ceding communication.® 

C. Loss of Acquired Resistance. Three 
strains of streptococci, after acquiring peni- 
cillin resistance, were subcultured on plain 
blood agar. The Ri strain was transferred 
25 times, and the As and Ac strains 50 times. 
At the end of tliese serial subcultures there 
was no loss of tlie acquired resistance in any 
of the 3 organisms studied. 

Three resistant organisms were passed 
serially by intracerebral inoculation in white 
mice for 12 passages. Again there was no loss 
of acquired resistance to penicillin. 

Change in Virulence. Using the method 
described in the preceding communication,® 
the mouse virulence studies were performed 


TABLE II. 


Comparison of the Kates of Development of Pen- 
icillin Eesistance of Parent and Control Strains 
of Streptococci. 


Strain 

Mean of first 

15 transfers 
of parent* 
strain on 

penicillin medium 
n/ml 

Mean of first 

15 transfers 
of controit 
strain on 

pcnieillin medium 
u/ml 

Ti 

.OSS 

.072 

To 

.083 

.050 

Ta 

.120 

.051 

T^ 

.090 

.070 

Ts 

.105 

.076 

Tc 

.094 

.059 

Tv 

.100 

.070 


* Parent strain is a freshly isolated organism, 
f Control strain is the parent strain after GO 
transfers on control medium. 


on all 10 strains. The results are summarized 
in Table IH. As ivith the group A organ- 
isms, all strains lost virulence after serial 
transfers on penicillin medium. The majority 
showed relatively little change after serial 
transfers on control medium. 

Three resistant strains were passed 12 times 
tlirough mice to restore the lost pathogenicity. 
The virulence reappeared in one strain. In 
2 strains no significant change occurred. 

Antigenic, Hemolytic, and Pigment Changes. 
The results of the serological grouping of the 
streptococci before and after serial transfers 
on penicillin and control media are sum- 
marized in Table IV. In 2 resistant and one 
control strain, it was not possible to demon- 
strate the presence of the group specific pre- 
cipitinogen. A majority of the organisms in 
each classification remained groupable. 
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also be considered. Further study is neces- 
sary to elucidate the nature of this interesting 
phenomenon. 

Summary. 1. Thirteen strains of Group A 
streptococci were transferred serially on me- 
dium containing penicillin in an effort to 
induce resistance. Two strains developed a 
17-foId increase in resistance. Eleven strains 
either remained unchanged or showed an 
increase up to only 6-fold at the end of 60 
subcultures. 

2. No increased resistance was induced in 
the same organism by serial transfers on con- 
trol medium. 

3. Strains which had acquired resistance 
were restored to their original level- of peni- 
cillin sensitivity by serial subculture on 


penicillin-free medium or by serial intra- 
cerebral passages in mice. 

4. A marked loss of virulence for mice was 
shown by all resistant strains of streptococci. 
The virulence -was restored in 2 strains by 
passage in normal mice. 

5. In about one-half of tlie resistant strains 
the group specific antigen could not be demon- 
strated. 

6. Transient changes in tlie colonial ap- 
pearance, and changes in hemolj'sis from beta 
to alpha or gamma were shown by most 
strains when gro\wng on ma.simal concentra- 
tions of penicillin. 

I wish to acknowledge the valuable technical 
assistance given in tliesc studies by Ernst Jaffe, 
Sylvia Simons, Deborah Pafinkin, and Bobort Goff. 
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IMost strains of group B beta hemolytic 
streptococci possess a higher degree of initial 
penicillin resistance than group A organisms. 
The range reported by 3 groups of investiga- 
tors^'-’® was 0.0625 to 0.25 units of penicillin 
per ml of medium. We have found the upper 
and lower limits of sensitivity to e.’.tend from 
0.01 to 0.10 unit of penicillin per ml of 
medium by the Fleming ditch-plate method^ 
for 16 freshly isolated strains of group B 
streptococci. 

The present study was carried out in an 
effort to determine the rate of development of 
penicillin resistance in vitro. In addition we 

1 Watson, E. F., Pkoc. Soc. E.xr. Biol, and Med., 
1944, o7, 05. 

e Simmons, B. T., ami Cliristic, E., Jf. J. -•l"-'-- 
tralia, 1940, 1. 349. 

3 Eutbcrford, K. H., Marquardt, G. A., and 1 an 
Bavcnswaay, A. C., J. Vissouri Stoic tiled. Jssn., 

^'"fFlcLing, A., Proc. T,oy. Soc. Med., 1941, 3-*, 
342. 


were interested in learning whether the anti- 
genic, hemob'tic, colonial, and mouse virulence 
changes found in resistant group A organisms'"' 
occurred in group B streptococci. 

Results. A. Acquired Resistance on Me- 
dium Containing Penicillin. Ten strains of 
group B streptococci were transferred on 
increasing concentrations of penicillin. The 
results are given in Table I. A straight line 
cun'e results when the mean of fifteen trans- 
fers is plotted on semi-logarithmic paper. The 
graph of the daily values shows the same 
general trend but with many’ irregularities 
in the cun'e. These variations can be c.v- 
plained by' slight differences in the amount 
of medium per plate, daily' loss of potency of 
penicillin in stock solution, and errors in judg- 
ment in estimating the proper range of peni- 
cilUn concentrations needed for each transfer. 

The ma.vimum change occurred in the Rj 

Grzon, TI. M., Pnoc. Soc. E.vr. Dioi.. and Med., 
194S, C7, 207. 
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group specificity in some strains after serial 
transfers on penicillin medium remain unex- 
plained. 

Summary. 1. Ten strains of Group B 
streptococci were transferred serially on media 
containing increasing quantities of penicillin 
in an effort to produce resistance. All 10 
organisms showed a significant increase in 
resistance vain'ing from 11 to 190-fold over 
the parent strains. 

2. No increased resistance was induced by 
serial transfers on control medium. 

3. In contrast to Group A organisms, 
Group B streptococci did not lose resistance 
on subculture on blood agar or on serial 


passage through mice. 

4. Virulence decreased in all resistant 
strains of streptococci. The pathogenicity 
was partially restored in one organism but 
remained unchanged in two after passage in 
normal mice. 

5. In only 2 resistant strains was the group 
specificity lost. 

6. Transient alterations in the colonial 
appearance, and changes in hemolysis from 
beta to alpha or gamma were demonstrated 
by all strains when grown on maximal con- 
centrations of penicillin. These colonies re- 
verted to the parent type when subcultured on 
blood agar. 
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Streptococci of Lancefield Group A or B 
present group differences as well as strain 
variations within a group, when transferred 
serially on media containing penicillin. These 
characteristics are described in the preceding 
reports.' - In general, Group A differ from 
Group B streptococci in having a lower initial 
penicillin sensitivity. They show less ten- 
dency to acquire penicillin resistance hi vitro, 
lose acquired resistance more rapidly on 
passage in mice or plain medium, and develop 
colonial and hemolytic changes less quickly 
when growing on penicillin medium. 

The initial penicillin sensitivity of Group C 
organisms is reported"-' to vary from 0.0078 to 

1 Gfzon. II. M., Pr.oc. Soc. Exe. Biol, .vxb Med., 
ims, <57, 20S. 

Gcr.on, II. M., Pr.oc. Soc. Exp. Biou axd Med., 

lors, or, eie, 

a W.itFeii, U. F., P;:oc. Soc. E.xp. B;ol. .\xd Med., 
1P44, 03. 

■< Siniinoiif, Ii. T., niid Christie, B., .V. J. Jus- 
trctlm, 194G, 1, 340. 

s liuUicrforil, B. II., M.arquanlt, G. nnU Von 
Bavonsw.iay, A. C., /. .lliisouri State Ifctl. .4f.sn., 
1940, 533. 


0.0313 units of penicillin per ml of medium. 
We have studied 24 recently isolated strains 
by the Fleming® ditch-plate method and have 
found their sensitivity range to be 0.007 to 
0.03 units of penicillin per ml of medium. 

The present study was undertaken to de- 
termine the similarities and differences be- 
tween streptococci of Groups .A, B. and C as 
regards their ability to acquire penicillin 
resistance. 

Results, .dcqiiircd Resistance on Medium 
Containing Penicillin. Five strains of Group 
C streptococci underwent serial transfer on 
blood agar containing penicillin. Three of 
the 5 organisms after 60 subcultures demon- 
strated a moderate increase in penicillin re- 
sistance varying from 11- to 16-fold. Two 
forms, U.i and R,^, after 60 and 56 transfers 
respectively, developed only a slightly 
increased resistance. The results are given 
in Table I. 

.Acquired Resistance on Control Medium. 
Four strains of streptococci subcultured from 

r. Fleiiiiiig, A., Proc. Do;;. SoZ'vcd^o'illii 
342. ’ 
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,, „. , table III. 

Mouse Virulence of Group B Streptococci n-ith 

t Acquired PciiiciUiu jResistanco. 

Strain 

Initial 

LDjo after 60 transfers on LD^q' of resistant 

— \ strain after 12 

control medium penicillin medium mouse p;issagcs 

Ti 

.000048 ml 

.0000015 ml 

.0096 ml 

— 1 

To 

<.0000030 

.000012 

>.03 


Ts 

<•0000030 

.000060 

>.03 


Ti 

.000096 

.00030 

.015 

>.03 mi 

Ts 

<.0000030 

.0000000015 

>.03 


To 

<•0000030 

.000075 

>.03 


Tt 

<.0000030 

>.03 

.003 

.0048 

As 

.0015 

.00096 

>.03 


Ag 

.012 

.0048 

.0096 


By 

.00030 


>.03 

.00048 


*ljD30 is stated as the amount of undiluted bacterial suspension in normal saline that ivill 
kill 50% tif the mice injected. This suspension has a density equal to MeParland No. 1 standard 
and contains approximately 2 X 109 organisms per ml. 


TABLE IV. 

Group Speeificitj’ of Streptococci after 56 to 60 Serial Transfers on Penicillin and Penicillin- 

Pree Media. 


Strain 


Ti Tn Ts Ti Ts To T- A; Ac P,’ 

I 

Parent culture BBBBBBBBBIl 

Pinal control culture BBBBBBBNB — 

Pinal penicillin-resistant culture NBBBBBBBBN 

B = group B. 

N = not groups A, B, or C. 

— = grouping not performed. 


The alteration in the character of the 
hemolysis described for group A organisms in 
the preceding reporf'’ was even more striking 
and more permanent for group B strepto- 
cocci. All 10 strains showed varying degrees 
of change from beta to alpha .or gamma col- 
onies at maximal concentrations of penicillin. 


Single colonies of either the gamma or alpha 
types when subcultured onto plain blood agar 
produced only beta hemolysis. Small colony 
forms occurred frequently on penicillin me- 
dium. These reverted back to the normal 
forms when transferred to control medium. 

Several of the streptococci of Group B 
showed the presence of the reddish pigment 
described by Lancefield.® Xo modification in 
this pigmentation appeared after the organ- 
isms acquired penicillin resistance. 

Discussion and Conclusions. All strains of 
Group B streptococci studied showed a rapid 
development of penicillin resistance as com- 
pared with Group A organisms^Jhe 190-foId 

.L Ej-r. 


increase demonstrated by one organism after 
60 transfers and the 107-fokI rise observed in 
another after 80 subcultures' indicate that 
great penicillin resistance niai’’ be induced in 
Group B streptococci. ^Ve have not yet 
attained the upper limit of resistance for any 
of the strains tested. 

The greater ease in acquiring penicillin 
resistance in Group B than in Group .4 strep- 
tococci is probably of clinical importance. 
•An example of this phenomenon was seen re- 
cently in a patient who died of subacute 
bacterial endocarditis at the Albert Alerrilt 
Billings Hospital of the Universiti- of Chicago. 
Shortly before death a strain of Group B 
streptococci was obtained from Jiis pharyn.x, 
and at aiitopsi' from his blood. Me had 
received up to 5 million units of penicillin a 
daj' for the previous 30 days. 

The loss of mouse virulence, changes in 
hemolytic characteristics, variations in the 
colonial appearance, and disappearance of 

" I’lipuhlisirnd 
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group specificitj’- in some strains after serial 
transfers on penicillin medium remain unex- 
plained. 

Summary. 1. Ten strains of Group B 
streptococci were transferred serially on media 
containing increasing quantities of penicillin 
in an effort to produce resistance. All 10 
organisms showed a significant increase in 
resistance varjdng from 11 to 190-fold over 
the parent strains. 

2. No increased resistance was induced by 
serial transfers on control medium. 

3. In contrast to Group A organisms, 
Group B streptococci did not lose resistance 
on subculture on blood agar or on serial 


passage through mice. 

4. \urulence decreased in all resistant 
strains of streptococci. The pathogenicity 
was partially restored in one organism but 
remained unchanged in two after passage in 
normal mice. 

5. In only 2 resistant strains was the group 
specificity lost. 

6. Transient alterations in the colonial 
appearance, and changes in hemoh'sis from 
beta to alpha or gamma were demonstrated 
by all strains when grown on maximal con- 
centrations of penicillin. These colonies re- 
verted to the parent type when subcultured on 
blood agar. 
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From the Department of Pediatrics, University of Chicapo. 


Streptococci of Lancefield Group A or B 
present group differences as well as strain 
variations within a group, when transferred 
serialli’ on media containing penicillin. These 
characteristics are described in the preceding 
reports.'-- In general, Group A differ from 
Group B streptococci in having a lower initial 
penicillin sensitivity. They show less ten- 
dency to acquire penicillin resistance in vitro, 
lose acquired resistance more rapidly on 
passage in mice or plain medium, and develop 
colonial and hemolytic changes less quickR 
when growing on penicillin medium. 

The initial penicillin sensitivity of Group C 
organisms is reported^'-' to vary from 0.0078 to 

1 Gezon, H. M., Pr.oc. Soc. Exp. Biol. Med., 
194S. 07, 20S. 

Gc.ioii, n. M., Peoc. Soc. Exp. Biol, axd Med., 
194S, 07, gl-2. 

a W.-itson, 15. I’., Pr.oc. Soc. Exp. Biol, .hxd Med., 
1044, .•57, Cm. 

•1 Simmons, 15. T., and Cliristie, 15., M. J. .Ins- 
trolia, 1P4G, J, 340. 

5 ISuthcrford, 15. IE, Marquardt, G. -t., and Van 
Ravonswaay, A. C., .1. 3lissonri State died. Jssr.., 
104G, 533. 


0.0313 units of penicillin per ml of medium. 
We have studied 24 recently isolated strains 
by the Fleming'’' ditch-plate method and have 
found their sensitivity range to be 0.007 to 
0.03 units of penicillin per ml of medium. 

The present study was undertaken to de- 
termine the similarities and differences be- 
tween streptococci of Groups A, B, and C as 
regards their ability to acquire penicillin 
resistance. 


Results, .-icquired Resistance on Medium 
Containing Penicillin. Five strains of Group 
C streptococci undera-ent serial transfer on 
blood agar containing penicillin. Three of 
the 5 organisms after 60 subcultures demon- 
strated a moderate increase in penicillin re- 
sistance varying from 11- to 16-fold. Two 
forms, Ur, and R-, after 60 and 56 transfers 
respectively, developed only a slightlv 
increased resistance. The results are given 
in Table I. 


.Icquired Resistance on Control Medium. 
Four strains of streptococci subcultured from 


Flemin: 


34*2. 


A., Proc. r.oy. Soc. lied., 1941, 34, 



216 


Penicillin Resistance Group C Streptococci 


TABLE I. 

Induced Pciiicilljii BcsistfincG in Group C Botfi llcniolvtic Streptococci, 


Strain 

Xumber of 
passages 

Initial penicillin 
sensitivity,* 
u/inl" 

Final penicillin 
sensitivity,* 
u/ml 

Fold change 

Ui 

00 

.01 

.10 

30 

Bo 

60 

.01 

.14 

34 

Ua 

60 

.03 

.14 

4 

B4 

60 

.02 

.33 

10 

Bs 

06 

<.01 

.02 

> 2 


* Penicillin sensitivitj- is defined ns the highest concentrntion of penicillin in the nicdiiim 
•which permits colonies to grow. 


TABLE II. 

Comparison of the Bate of Derelopnicnt of Pen- 
icillin Resistance of Parent and Control Strains 
of Streptococci. 


Strain 

Mean of first 

15 transfers 
of parent* 
strain on 

penicillin medium 
u/ml 

Mean of first 

15 transfers 
of controH 
strain on 

penicillin medium 
u/ml 

Uj 

.033 

.020 

Bo 

.030 

.020 

U3 

.033 

.010 

U4 

.033 

.034 


* Parent strain is a freshly isolated organism, 
t Control strain is the parent form after 60 
transfers on control medium. 


the original parent organisms were passed on 
control (i.e., penicillin-free) blood agar. After 
60 transfers these bacteria were retested for 
penicillin sensitivity by the Fleming ditch- 
plate method. For purposes of comparison 
alternate lines on plates containing varying 
concentrations of penicillin were inoculated 
with the paired resistant and control organ- 
isms. No increased penicillin resistance was 
demonstrated by these control organisms. 

In an effort to discover whether adaptation 
to growth on artificial medium would influ- 
ence the development of penicillin resistance, 


the control organisms were carried on peni- 
cillin medium for the 6Ist to 7Sth pas.sagcs. 
The mean values for the first 15 transfers of 
the parent and the control strains on peni- 
cillin medium are given in Table II. Again 
as was found with both Group A and B strep- 
tococci, the repeated subcultivation on plain 
blood agar does not facilitate tlie acquisition 
of resistance to penicillin. 

Loss oj Acquired Resistance. Only one 
strain, Rs, was grown serially on penicillin- 
free medium and two strains, Ui and Rj, 
passed in untreated mice in an effort to restore 
the penicillin sensitivity. After 25 transfers 
on plain blood agar and 12 passages intra- 
cerebrally in mice no decrease in the acquired 
resistance of the organism liad occurred. 

D. Change in Virulence. Using the metliod 
described in the first report of this series,* 
mouse virulence studies were performed on all 
5 strains. The results appear in Table III. 
As was obser\'ed previously with Group A 
and B streptococci, all organisms suffered a 
marked loss of mouse virulence after repeated 
subcultivation on penicillin-containing medium 
and relatively little change after a like number 
of transfers on control medium. 

Two resistant strains were passed 12 times 


TABLE III. 

Mouse Vinilencc of Group C Streptococci with Acquired Penicillin Re.sist.'incc. 


Strain 


LDjo* after GO transfers on LD;o* ot resistant 

Initial t ^ strain after 12 

JJDr^Q* control medium penicillin medium mouse pass.-iges 


Bo 

Ha 

y* 

Fa 


.00016 ml 
.0018 
.0000048 
.000000 
.000000 


.000090 ml 
.0015 
.000030 
.00048 


>.03 ml 

>.03 

>.03 

>.03 

>.03 


.000 ml 


.00090 


50°/of tlm mic“e iujected. This suspension has a dei 
an!l contMas approtdm'alely 2 X IQ’ organ.sms per ml, 


•; — tVipTmount of undiluted bacterial suspension in norm.al s.alinc thnt wil! 
xs stated ension has a density cqu.al to McFarland No. 3 standard 

^ Till. 
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TABLE IV. 

Group Specificity of Streptococci After 56 to 60 Serial Transfers on Penicillin and Penicillin- 

Free Media. 





Strain 


' ^ 

Uo 

Xj 3 U 4 B 3 

Parent culture 

C 

c 

C C C 

Final control culture 

C 

0 

C C — 

Final penicillin resistant culture 

c 

N 

N N C 


‘C = group C. 

N = not group A, B, or G. 

— = grouping not performed. 


in mice in trying to restore the virulence. The results of the serological grouping of the 

LDjo values are given in Table III. In both streptococci before and after repeated trans- 

instances only a partial restoration was accom- fers on penicillin and control media are given 
plished. in Table IV. In the 4 control organisms 

Antigenic and Hemolytic Changes. The studied no loss of the group specific antigen 



CONTROL 0.02 U./ML. 



Pig. 1. 
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0.02 urnr or penicillin i 

. PER ML. OF ME DIUM ; i 

Fia. 2. 


occurred. After acquiring penicillin resist- 
ance, only 2 of 5 strains were classifiable by 
the Lancefield technic. 

The change in the character of the hemol- 
ysis described for Group A and B organisms 
appeared as well in all 5 strains of Group C 
streptococci when the organisms were grown 
on medium containing penicillin. An e.'sample 
of this hemolysis is given in Fig. 1. A 
close-up view of the 0.02 unit per ml plate of 
Fig. 1 is shown in Fig. 2. Here the hemol 3 dic 
changes are best demonstrated by the Us 
strain with both green and clear hemol^^sis 
present in the same growth. Frequently the 
transformation to alpha or gamma types of 
colonies was present in the maximum concen- 
tration of penicillin and also at levels below 
that which would permit growth. IMixtures 
of alpha, beta, and gamma hemolytic colonies 
were seen on plates containing a single con- 
centration of penicillin. Some strains of 


Group C streptococci normally show a zone 
of greenish hemolysis outside the wide clear 
zone. Forms with this characteristic display 
an e.xaggeration of this color when grown on 
minimal concentrations of penicillin. 

Discussion and Conclusions. The behavior 
of Group C streptococci on penicillin medium 
resembles in many respects that of Group A 
and B organisms.^-- The same drop in mouse 
virulence, transient hemoh'tic changes, and 
colonial changes were demonstrated b\' nearij' 
all strains of the 3 groups. In genera]. Group 
B streptococci develop a much higher degree 
of in vitro resistance at a faster rate than 
either Group A or C organisms. The acquired 
resistance appears to be a more permanent 
characteristic of Group B and C organisms 
than of Group A. Onlj’’ in the latter did 
passage in normal mice or on penicillin-frcc 
medium restore the sensitivity. 

If these in vitro studies could lead to the 
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conclusion that resistance to penicillin in 
Group A and C streptococci is not likely to 
develop, it would be of great clinical im- 
portance. However, it should be emphasized 
that these observ'ations on the group and 
strain behavior of artificially resistant strepto- 
cocci, while interesting and valid, must not 
be assumed to apply by analogy to natural 
resistance. 

Summary. 1. Five strains of Group C 
streptococci were subcultured serially on me- 
dium containing penicillin in an effort to 
induce resistance. Three of the 5 strains 
developed a 14- to 16-fold increase after 60 
transfers. Two strains demonstrated only a 
2- to 4-fold increase after similar subcultures. 

2. No increased resistance was induced by 
serial transfers on control medium. 

3. Acquired resistant organisms maintained 


their resistance on serial subcultures on blood 
agar medium or on serial passages through 
mice. 

4. Decreased mouse virulence was shown 
by all resistant strains of streptococci. Rela- 
tively little change appeared in the control 
organisms. Lest virulence was partially 
restored in 2 strains by passage in normal mice. 

5. The group specific precipitinogen was 
demonstrable in only 2 of the 5 resistant 
strains, but was present in 4 control organ- 
isms, 

6. Transient changes in the colonial ap- 
pearance, and changes in hemoh’sis from beta 
to alpha or gamma were demonstrated by all 
strains when grown on ma.vimal concentrations 
of penicillin. These colonies reverted to the 
parent type when subcultured on blood agar. 
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Propagation of the Mammary Tumor Milk Agent in Tumors from G 57 Black 

Mice* 

John J, Bittner. 

From the Division of Cancer Dioiogn, Department of Fhgsioiogn, Vnivcrsiiy of Minnesota 
Medical School, Minneapolis, Minn. 


If females of the C57 black strain obtained 
the mammary tumor milk agent by nursing 
females of cancerous strains, mice of some 
sublines may, when they are maintained as 
breeders, show incidences of mammary cancer 
in excess of 50%*"* although mice of this 
strain are generally regarded to have a “low 
susceptibility’’ for spontaneous mammar}' 

* AsVisU'd tiy grants from Uie Citizens Aid So- 
eiety of MinneapoUs. tlie .\mcrican Cancer Society 
on the rccommemlatinn of the Committee on Growth 
of the National Itc'carcU Council, the Cancer Be- 
search Fund of the University of Minnesota Grad- 
uate School, the Minnesota Cancer Society, .and 
the U. Pardee Foundation. 

t llapf:, II. .1., IntirnaUnnnl Cancer Jtcscarch 
Fonndalitin. Deport of Activities During IPSO, 
p. II. 

Fehi'te. K.. and Little, C. C., Cancer Fescarch, 
1042. U, .-.2S. 


cancer. In 2 studies it was determined that 
the incidence may be appro.vimately as high,^ 
or even higher,- in the progeny than in the 
mice of the fostered generation, demonstrating 
that the females may propagate and transmit 
the milk agent. Fostered females and their 
descendants of a line of the Cjt black strain 
which gave a low incidence of spontaneous 
tumors have also been found to transmit the 
milk agent.^ 

The milk agent, one of the 3 causative fac- 
tors for mammary cancer in mice,® may be 

3 Aiidervont, 11. B., J. Xat. Cancer Inst., 1943, 
3, 339. 

i Ilnngcnscn, C. D., .md B.'indull, H. T., Cancer 
Hcscarch. 1943, 5, 332. 

•'•BiUner, J. .T., J. Xat. Cancer Inst., 1940 
1, 133. 

« Bittner, .T. J.. Fnhiie Health lUp., 1939 54 
1390. ’ ’ 
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, . . ^ . TABLE I. 

Aetinty of the Milk Agent in Spontaneous Mammary Tumors from C57 Blk. .Mice, Line G. 


Tumor No. 

Bate injected Gm.Eq. inj. 


Xo. 

%Ca 

-uice, jjine u. 

% living 

7476 (Ao)* 

0/27/46 

1/50 


10 

TO 

16 



1/1000 


13 

40 

21 

7477 (Aj)^ 

n 

1/50 


SO 

55 

14 



1/1000 


25 

GO 

30 

747S (Zj) 

3> 

1/100 


31 

58 

23 

77S8 (Zi) 

3/26/47 

1/50 


56 

30 

07 



1/1000 


32 

25 

09 

* Tumors inoculated. 








TABLE II. 





Comparative Activity of tlie Milk Agent in Tumors from C57 

Blk. 31ice. 



Tumor No. 

7476 

Tumor No. 7477 

Tissue extracted 

Gm.Eq.inj. 

No. 

% Ca 

%liv. 


%Cn %iiv. 

Spontaneous tumors 

1/50 

19 

79 

16 

29 

55 14 


1/1000 

13 

46 

SI 

25 

GO 30 ■ 

Transplants: after 1 passage 

1/50 

9 

07 

00 

29* 

100 — 


1/1000 

21 

48 

SO 

20 

05 25 

Transplants: after 10 passages 1/10 

3S 

39 

58 

38 

00 34 


1/1000 

44 

”5 

73 

44 

10 82 


* Average cancer age, 371 Unys. 


recovered from extracts of spontaneous mam- 
mary cancer’’'® from mice of cancerous strains 
and has been found to survive for at least 
10 passages of these tumors in mice which 
did not themselves have the milk agent.’® 

In this study we have investigated the 
presence of the milk agent in 4 spontaneous 
mammary tumors which developed in mice of 
Line 6 of the C 57 black stock. Two tumors, 
Nos. 7476 and 7477, arose in the progeny of 
a female which had obtained the milk agent 
from a foster mother of the cancerous A strain. 
The mother of the C 57 black mice died can- 
cerous. The other tumors. Nos. 7478 and 
7788, developed in females which had been 
nursed by a female of the cancerous C 3 H 
stock. In addition, tumors 7476 and 7477 
were transplanted into mice of the C 57 black 

r Bittner, J. X, -Scioicc, 1941, 03, GST. 

sBarnum, C. P., Ball, Z. B., Bittner, X X, and 
Yissclicr, 31. B., Science, 1944, 100, 570. 

9 Andervont, H. B., and Bryan, W. B., X Xat. 
Cancer Inst., 1944, 5, 143. 

10 Bittner, J. X, Evans, C. A,, and Green, B. G., 

Science, 1945, 101, 95. 


stock which had not received the milk agent, 
either from their mother or a foster mother. 
The transplanted tumors were tested after the 
first passage and also after the tenth passage 
for the survival of the milk agent. 

The test animals were ZBC mice derived 
by reciprocal matings between mice of the 
fostered A and CsH strains. Controls have 
been found to have few spontaneous mam- 
mary tumors whereas when the ZBC mice 
obtain the milk agent, high incidences have 
been obsen'ed.” 

The tumor e.vtracts were all prepared in 
the same manner. The tissue was ground in a 
mortar with sand and suspended in eitlier 
physiological saline or triple distilled water 
(1:10 by weight). The suspension was cen- 
trifuged for 7 to 10 minutes at appro.ximately 
2.500 r.p.m. and 1 cc of the supernatant, 
at various dilutions, was injected intraperi- 
toneally into the test animals. The injected 
mice were continued as breeders to insure an 
adequate hormonal stimulation for the genesis 

II Bittner, .T. J., AAAS, Research Conference 
on Cancer, 1015, p. C3, 
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of mammary cancer. 

The data are presented in Tables I and II. 

The results demonstrate that the mammary 
tumor milk agent may be recovered from 
spontaneous mammari' cancers which devel- 
oped in mice of the C ;7 black stock and maj 
be propagated in the transplants of th^e 
tumors. Two of the tumors arose in mice 
which had received the agent from their 
mothers, again demonstrating that females of 


the Cr ,7 black strain, at least some sublines, 
may transmit the agent in the milk. 

Sunimcrv . hlice of some sublines of the 
C .-,7 black stock may propagate and transmit 
the mammary tumor agent. The agent may 
be recovered from spontaneous mammarj'^ can- 
cers which developed in mice of the strain 
and mav'^ survive for at least 10 passages of 
these tumors in mice without the agent. 


16259 

Effect of Bacterial Endotoxins on Carbohydrate Metabolism of Rabbits. 

Ernest Kun and C. Phillip Miller.^ 

From the Departments of Fharmncology and Medicine, University of Chicago. 


The injection into animals of heat-killed 
cultures of certain bacterial cells has been 
shown to produce marked hyperglycemia.^- 
Diphtheria toxin which has been studied more 
e.\tensively® causes a similar rise in blood 
sugar and depletion of tissue carbohydrate. 
Some investigators'* - have concluded that 
diphtheria to.vin affects metabolism by dam- 
aging the liver, causing increased glycolysis 
and diminished phosphorolysis. The bio- 
chemical mechanism by which the metabolites 
or cellular constituents of bacteria interfere 
with the metabolism of the infected animal is 
not well understood. 

The experiments described below concern 
the effects of meningococcal and Salmonella 
endotoxins on the intermediate carbohydrate 

’ Tliis investig.Ttion was undertaken and sup- 
ported jointly by the IT. S. Navj-, Office of ^vaval 
Itcsenrcli. and tlie Universit.v of Chicago. 

t With the technical assistance of Mrs. S. E. 
Gurnee. 

1 Menton, M. E., and Manning, H. Jf., J. Med. 
Fes.. 1024, 44, OTo. 

- Zueckwer, L, T.. and Goodcll, II., J. Exp, Med., 
1025.a. 42, 43; J. Exp. Med., lODSb, 42, 57. 

3 Holmes, E., Physiol. Eev., 1030, 19, 439. 

* Soskin, S., .Mlwclss, M. '0., and Mirsky, J. A., 
Arch. hit. Med., 3033, 50, 027. 

3 Taubenbaus. M., and Soskin, S., J. Clin. Endo- 
crin., 1042, 2, 171. 


metabolism of rabbits. As in e-xperiments 
already reported,® the e-xperimental condi- 
tions may be defined as acute endoto.xin 
poisoning. The effect of a lethal dose of endo- 
toxin was studied during the short period of 
intoxication which terminated in the death of 
the animal in 1.5-3 hours. It is believed that, 
under such circumstances, the effect of the 
toxin is not significantly altered by spon- 
taneous changes in metabolism. 

Materials and Methods. The endoto.xins 
were sterile, unpurified preparations made 
from washed bacterial cells by the method 
already described.® The intravenous dose 
which'was lethal in 2 to 3 hours was 20-50 
mg per kg. Rabbits weighing 1.5-3 kg were 
used. The e.xperimental and control animals 
were fasted for 24 hours before each experi- 
ment. No anesthesia was used. Blood sam- 
ples were taken by cardiac puncture. Tissue 
analyses were carried out immediately after 
the death of the animal. Pairs of rabbits 
having almost identical weights were kept 
under the same environmental conditions 
throughout each e.xperiment. One rabbit in 
each pair was injected with endoto.xin and 
the other kept as a control and sacrificed when 
death occurred in the former. In some 

c Kun. E., Pp.oc. Soc. Exp. Biol, and Med., 1947, 
CO, 197. 
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instances the animals were sacrificed before 
death and the same changes were found in 
the concentration of metabolites and enzjmie 
activities as in the animals which succumbed 
to endotoxin. 

Blood glucose was determined by the meth- 
od of Nelson,' lactic acid" according to Barker 
and Summerson,® pyruvic acid as described 
by Elgart and Nelson, » and acid soluble phos- 
phorus by the method of Schneider.^'^ Glyco- 
gen was determined as glucose.^^ 

Results. The results of the analyses for 
blood sugar, lactic acid, phosphorus and 
pyruvic acid are shown in Fig. 1, 2, 3, and 4. 
The graphs were constructed from data ob- 
tained from experiments of identical length. 
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To.iml 

250r— 
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^ Q 30 60 90 120 

I MINUTES 

BEFORE INJECTION 

Pig. 1. 

r Nelson, N., J. tSiol. Chctii., 1944, lo3, 3/5. 

S Barker, S. B., and Summersou, W. H., J. Biol. 
Chem., 1941, 138, 535. 

9 Elgart, J. S., and Nelson, N., J. Biol. Chem., 
1941, 138, 443. 

lOSclmcider, TV., J. Biol Chem., 1945, 101, 293. 

11 Tlmbreit, B', V>’., Burris, B. II., and StanHcr, 
J, P., Maiwmctric TcchniQitcs and Belated Methods 
for the Study of Tissue Metabolism, Burgess Pub- 
lisliing Company, 1943. 


^ q 30 60 90 120 

f MINUTES 

BEFORE INJECTION 
Pig. 2. 

Each point represents the blood values oi one 
individual animal. 

The results show that the endotoxins caused 
hypergb'cemia which reached its maximum 
30 minutes after the injection and was fol- 
lowed by hypogij’cemia. Blood lactic acid 
showed marked increase. Blood phosphorus 
fell slightlj- a few minutes after the injection 
and then rose sharply. The blood pyruvic 
acid content decreased after the injection of 
the toxin and remained below the normal level. 

The results of the tissue analyses arc given 
in Fig. 5, in which the liver and muscle gly- 
cogen, lactic acid and pyruvic acid of normal 
animals are compared with the results ob- 
tained from animals injected with meningo- 
coccal endotoxin. (Eight pairs of rabbits 
were used for glycogen, 5 pairs for tissue 
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ACID SOLUBLE PHOSPHORUS 



^ MINUTES 

BEFORE INJECTION 

Fw. 3, 

lactic acid and 4 pairs for tissue pj'ruvic acid 
determinations.) 

The greatest difference between the control 
rabbits and those injected with endotoxin was 
found in the glycogen content of liver and 
muscle, particularlj’’ in the former, as the 
livers of the animals poisoned by endotoxin 
contained only traces of glycogen. 

The lactic acid content of the liver and 
muscle in the endotoxin treated rabbits was 
markedly increased, whereas the pyruvic acid 
content was diminished. 

It is well established that in mammalian 
tissue under normal circumstances glycogen 
is broken down to pyruvate which is further 
oxidized through various channels. If Uie 
aerobic conditions in tissues are altered in 
some way, accumulation of lactate and inor- 
ganic phosphate occurs.^- Our obser\'ations 

on these constituents in tlie blood and tissues 

of our experimental animals suggested, there- is B.arron, E. S. G., Advances in En:ymohgtj, 
fore, that the injection of the bacterial endo- 1P43, 3, UP. 


BLOOD PYRUVIC ACID 

?ML 



MINUTES 
Ejg. -i. 
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instances the animals were sacrificed before 
death and the same changes, were found in 
the concentration of metabolites and enzjTOe 
activities as in the animals which succumbed 
to endotoxin. 

Blood glucose was determined by the meth- 
od of Nelson,' lactic acid according to Barker 
and Summerson,® pyruvic acid as described 
by Elgart and Nelson,** and acid soluble phos- 
phorus by the method of Schneider. Glyco- 
gen was determined as glucose.^^ 

Results. The results of the analyses for 
blood sugar, lactic acid, phosphorus and 
pyruvic acid are shown in Fig. 1, 2, 3, and 4. 
The graphs were constructed from data ob- 
tained from e.xperiments of identical length. 
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7 IJelson, N., J. Biol. Chcm., 1944, 153, 37o. 
s Barker, S. B., and SinnnJcrson, TV. H., J. Biol. 
Chcm., 1941, 138, 535. 

0 Elgart, J. S., ami Nelson, N., J. Biol. Chcm., 
1941, 138, 443. 

lOSclmcider, TV., /. Biol. Chcm., 1945, 101, 293. 
n Umbreit, TV. TT^, Bnrris, B. H., and Stauffer, 

J F Maiiomctric Techniques anil Belated Methoils 

for the Study of Tissue Alctaholism, Burgess Fub- 
lisliing Companr, 1945. 


■yO.IML 


BLOOD LACTIC ACID 


140r 


120h 


•INJECTED WITH ENDOTOXIN 
o CONTROL 

t 


80h 


601- 


8 

8 

o 


Q 30 60 

T MINUTES 

BEFORE INJECTION 

Fig. 2. 


8 

o 

o 

o 


90 


120 


Each point represents the blood values of one 
individual animal. 

The results show that the endotoxins caused 
hyperglycemia Tvhich reached its maximum 
30 minutes after the injection and was fol- 
lowed by hypoglycemia. Blood lactic acid 
showed marked increase. Blood phosphorus 
fell slightly a few minutes after the injection 
and then rose sharply. The blood p\’ruvic 
acid content decreased after the injection of 
the to.xin and remained below the normal level. 

The results of tlie tissue analyses are given 
in Fig. 5, in which the liver and muscle gly- 
cogen, lactic acid and pyruvic acid of normal 
animals are compared Tvith the results ob- 
tained from animals injected with meningo- 
coccal endoto.xin. (Eight pairs of rabbits 
were used for glycogen, 5 pairs for tissue 
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ACID SOLUBLE PHOSPHORUS 



I MINUTES 

BEFORE INJECTION 

Fig. 3. 


lactic acid and 4 pairs for tissue pjTUvic acid 
determinations.) 

The greatest difference between the control 
rabbits and those injected with endotoxin was 
found in the glycogen content of liver and 
muscle, particular!}^ in the former, as the 
livers of the animals poisoned by endotoxin 
contained only traces of glycogen. 

The lactic acid content of the liver and 
muscle in the endotoxin treated rabbits was 
markedly increased, whereas the pyruvic acid 
content was diminished. 

It is well established that in mammalian 
tissue under normal circumstances glycogen 
is broken down to pyruvate which is further 
oxidized through various channels. If the 
aerobic conditions in tissues are altered in 
some way, accumulation of lactate and inor- 
ganic phosphate occurs.'- Our obsen-ations 
on these constituents in tlie blood and tissues 
of our experimental animals suggested, there- 
fore, that tlie injection of the bacterial endo- 


BLOOD PYRUVIC ACID 
7ml 
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Effect of Endotoxins on 

instances the animals were sacrificed before 
death and the same changes were found in 
the concentration of metabolites and enzyme 
activities as in the animals which succumbed 
to endotoxin. 

Blood glucose was determined by the metli- 
od of Nelson,' lactic acid according to Barker 
and Summerson,s pyruvic acid as described 
by Elgart and Nelson,® and acid soluble phos- 
phorus by the method of Schneider.^® Glyco- 
gen was determined as glucose.^^ 

Results. The results of the analyses for 
blood sugar, lactic acid, phosphorus and 
pyruvic acid are shown in Fig. 1, 2, 3, and 4. 
The graphs were constructed from data ob- 
tained from e.xperiments of identical length. 
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BLOOD LACTIC ACID 
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BEFORE INJECTION 
Fia. 2 . 

Each point represents the blood values of one 
individual animal. 

The results show that the endoto.xins caused 
hyperglj'cemia which reached its ma.ximum 
30 minutes after the injection and was fol- 
lowed by hypoglycemia. Blood lactic acid 
showed marked increase. Blood phosphorus 
fell slight]}' a few minutes after the injection 
and then rose sharply. The blood pyruvic 
acid content decreased after the injection of 
the to.xin and remained below the normal level. 

The results of the tissue analyses are given 
in Fig. 5, in which the liver and muscle gly- 
cogen, lactic acid and pyruvic acid of normal 
animals are compared with the results ob- 
tained from animals injected with meningo- 
coccal endotoxin. (Eight pairs of rabbits 
were used for glycogen, 5 pairs for tissue 
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lactic acid and 4 pairs for tissue pyruvic acid 
determinations.) 

The greatest difference between the control 
rabbits and those injected with endotoxin was 
found in the glj'cogen content of liver and 
muscle, particularly in the former, as the 
livers of the animals poisoned by endotoxin 
contained only traces of glycogen. 

The lactic acid content of the liver and 
muscle in the endotoxin treated rabbits was 
markedly increased, whereas the pyruvic acid 
content was diminished. 

It is well established that in mammalian 
tissue under normal circumstances glycogen 
is broken down to pyruvate which is further 
oxidized through various channels. If the 
aerobic conditions in tissues are altered in 
some way, accumulation of lactate and inor- 
ganic phosphate occurs.'- Our obsen’ations 
on these constituents in the blood and tissues 
of our experimental animals suggested, there- 
fore, that the injection of the bacterial endo- 
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Effect of Endotoxins on Carbohydrate jMetabolisii 

effect of endotoxin on glycogen LACTIC-ACin amh 
PYRUVIC ACID IN LIVER AND MUSCLE 

( IN MILLIGRAMS PER 100 GRAMS DRY WEIGHT OF TISSUES ) 

MG 


GLYCOGEN 


LIVER MUSCLE 

normal hi 


1000 


800 


600 


400 


200 



LIVER MUSCLE 
INJECTED WITH ENDOTOXIN 
Pic. 5. 


LIVER 


MUSCLE 


o . . ^ , TABLE I. 

Sueeinie Deli.vdrogennse AcHrity of tl.e Liver and .Muscle of Rabbits Inieetcl vifl, Enaotoxin. 


Jleningococcal endotoxin 


Liver 


Normal 

control 


8S.4 

CO.l* 

68.9 

80.0 

65.4'‘ 

72.4* 


Endotoxin 


25.0 
40.2* 
2.0.7 

16.0 
20.4* 
31.0* 


Alusclo 


Normal 

control 


16.2 

15.1* 

24.2 

20!i 

19.3* 

oq n* 


Endotoxin 


6.0 

6.5* 

8.4 

8.7 

7.1* 

6.9* 


Salmonella endotoxin 


62.4 

79.7 

72.4* 

80.1 


26.1 

15.1 

20 . 0 * 

17.S 


19.6 

17.1 

25.3* 

22.0 


o.- 

7.1 
8.0* 

9.2 


* These values were obtained from animals nliich were sacrificed before death from the toxin. 


to.xins might have produced a state of ano.xia 
in their tissues. 

In order to learn more about the mechan- 
ism of the tissue anoxia caused bv* endoto.xin, 
rabbits were injected with meningococcal and 
Salmonella endotoxinf as described above and 
the cvtochrome oxidase and succinic- 
dehydrogenase activity of their muscle and 
liver were determined by the Warburg technic 

i The endotoxin of SolnioncJla aCTtrtickc was 
prepared in the same w.ar as meningococcal endo- 
toxin. 


as described b 3 '- Schneider and Potter.’^ In 
these enzvTne assaj’s phosphate buffer (pH 
7.4) was used instead of HeO for the prepara- 
tion of tissue homogenates. The importance 
of this technical detail will be discussed else- 
where. A significant inhibition of succinic 
deh 3 'drogenase activit 3 ‘ was demonstrable. 
C 3 *tochrome oxidase was not affected (see 
Table I). 

It is interesting to note that the endotoxins 

13 Schneider, TV. C., and Potter, T". I?.. J. JUol. 
Chrm.. 1943, 149, 217. 
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of both SalmoDella and meningococcus pr<^ 
duced similar effects not only in their inhibi- 
tion of succinic-dehj'drogenase but also on 
the carbohA'drate metabolite concentration of 
tissues. Since the emyrne inhibition occurred 
in a few minutes after the injection of the 
endotoxin, it is reasonable to assume that the 
inhibition of this enzATne activitj- plays an 
important role in the mechanism responsible 
for the changes in carbohj'drate metabolite 
concentration in the poisoned rabbit tissues. 
The mechanism of this enzAune inhibition and 
its effect on carbohydrate metabolism is being 
inA'estigated hi detail. 

Summary. The intravenous injection of 
meninsococcal or Salmonella endotoxin into 


rabbits produced increase in blood glucose, 
lactic add and inorganic phosphorus. This 
was followed by hj-poglycemia which could be 
obserA-ed before the death of the animal. Liver 
and musde glycogen decreased while lactic 
add content of the tissues increased. The 
pATuvic add content of blood and tissues 
showed a significant decrease. Sucdnic de- 
hj-drogenase in both musde and liver Avas 
markedly inhibited. Cytochrome oxidase 
actiAutA' was not affected. 

The Xa-ascorbafe used in the enzyme ass.ays tras 
generously supplied by Van Patten Pharmaceutical 
Company, Chicago. 
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.\BR.Aii B. St.aaitsky.I (Introduced by D. H. Campbell.) 

Prom the Gates or.d Crdlin laboratories, California Institute of Xcchnoiogy, Pasaocna.t 


Chase’ recently reported that the tuber- 
culin tA-pe of hA-persensiti\-ity was transferred 
passively to normal guinea pigs hr- injection 
of the cells of peritoneal exudate, hTuph nodes 
or spleen of guinea pigs sensitized to tuber- 
culin by the injection of heat-killed tuberde 
bacilli. The passh-eh- conferred senslthdty 
was transient, lasting about 5 days. This is 
a significant achicA-ement as the failure pas- 
sively to transfer tuberculin sensith-ity has 
been adduced as a basic distinction between 
the tuberculin and the anaphylactic or 
.•\rthu 3 tj-pes of hA-persensitiA'ity.- It was 
hoped that, if confirmed, the passive cellular 
transfer of tuberculin hA-persensitiA’itA- might 
prodde a method suitable for the elucidation 

Supported by a grant from the Kochefcller 
Foundation for resenreh in immnuo^hemistry. 

1 Present address: Institnte of Pathology, AVest- 
ern Rcsenc TTniversity, Cleveland, Ohio. 

i Contribution Xo. 1153. 

1 Cliasc, M. V.. PEO-r. Soc. Exp. Biol, xxd Mep., 
1P45, oO, lot. 

- Rich. E., The jPathogcr.ceis of Tuiercuiosir, 
Springfield, Oarlcs C. Thomas, 1944. 


of the underhung chemical factors in the 
induction and de\’elopment of this peculiar 
allergic phenomenon. The repetition of 
Chase's studies was therefore undertaken.^ 

Materials and Methods. The materials and 
methods were essentially those used by Chase’ 
in his experiments. \STiite albino guinea pigs 
of both se.xes were sensitized to tuberculin by 
subcutaneous injection into the groin of heat- 
killed human tuberde bacilli suspended in 
mineral oiP-*-’’ and aquafor. Usually 2.5 mg 
of dried badllarA* growth was suspended in a 
total inoculum of 1 ml for each animal. Fhe 
to 9 weeks later, when cutaneous sensitiA'ity to 

§ Siucc these confirmatory studies have been 
completed another group of morhers reported suc- 
cessful repetition of Clmse’s experiments. Cum- 
mings, M. YI., Hoyt, if., and Gottshall, R. T., 
Pub. Ream r.cp., 1047, G2, 004. 

5 Freund, J,, Casals-Ariet, J., and Hosmer, E. P., 
P?.oc. Soc. Exp. Bton. .vsi> ilm., 1037, 87, 500. 

4 Freund, J., Casals-Arict, J., and Genghof. D. 
S., J. Innu.aoi, 1040, S8, G7. 

= Freund. J., and Gottshall, R. Y., Arch. Tain., 
1P4C, 84, 73. 
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Effect of Endotoxins on Carbohydrate METABOLiSii 


MG 

5000 


EFFECT OF ENDOTOXIN ON GLYCOGEN. LACTIC-ACID AND 
PYRUVIC ACID IN LIVER AND MUSCLE 

( IN MILLIGRAMS PER 100 GRAMS DRY WEIGHT OF TISSUES ) 


4000 


3000 


2000 


1000 



["^ NORMAL 


[injected with ENDOTOXIN 
Fia. 5. 


TABLE I. 

Succinic Deliydrogcnnse Activity of the Liror nnd Muselc of Babbits Injected vitli Eiiilotoxm. 


Liver 


!Musclc 


Normal 

control 


Endotoxin 


Normal 

control 


Endotoxin 


Meningococcal endotoxin 


Salmonella endotoxin 


88.4 
60 . 1 * 
68.9 
80.0 
63 . 4 * 
72 . 4 * 

62.4 
79.7 
72 . 4 * 
80.1 


28.0 

40.2* 

29.7 

16.0 

20.4* 

31.0* 


20.1 
15.1 
20 . 0 * 
.8 


1 


10.2 

15.1* 

24.2 

2o!i 

19.3* 

29.2* 

19.0 

17.1 
25.3* 
22.0 


0.0 

0.5* 

8.4 

8.7 

7.1* 

0.9* 


7.1 
S.O* 

9.2 


-7^^;;^;^;;i;^^r;^0btained from animals which -n-cre sacrif.ccd before death from tbe toxin. 


toxins might have produced a state of ano.xia 

In mder to learn more about the mechan- 
ism of the tissue anoxia caused by endoto.xm 

rabbits ■"“'"S'X™ and 

Salmonella endotoxinl as dfc=crib(^ . . . 

the cvtochrome oxidase and 
dehydrigenase artlvlly 
liver were determined bj the \\ 

toxin. 


as described by Schneider and Potter.’^ In 
these enzj’me assaj’s phosphate buffer (pH 
7.4) was used instead of H^O for the prepara- 
tion of tissue homogenates. The importance 
of this technical detail will be discussed else- 
where. A significant inhibition of succinic 
dehydrogenase activity was demonstrable. 
Cvtochrome oxidase was not affected (see 

Table I). . 

It is interesting to note that the endotoxins 

13 Sclmobler, TV. C., .ond Potter, V. P.. J. IfM. 
Clicm., 1943, l-H), 217. 






225 


Passi\'e Cellular Transfer Tuberculin Type Hypersensitivity 


of both Salmonella and meningococcus pro- 
duced similar effects not only in their inhibi- 
tion of succinic-dehydrogenase but also on 
the carbohydrate metabolite concentration of 
tissues. Since the enzyme inhibition occurred 
in a few minutes after the injection of the 
endoto.xin, it is reasonable to assume that the 
inhibition of this enzyme activity plays an 
important role in the mechanism responsible 
for the changes in carbohydrate metabolite 
concentration in the poisoned rabbit tissues. 
The mechanism of this enzjTOe inhibition and 
its effect on carbohydrate metabolism is being 
investigated in detail. 

Summary. The intravenous injection of 
meningococcal or Salmonella endotoxin into 


rabbits produced increase in blood glucose, 
lactic acid and inorganic phosphorus. This 
was followed by hypoglycemia which could be 
observed before the death of the animal. Liver 
and muscle glycogen decreased while lactic 
acid content of the tissues increased. ^ The 
pyruvic acid content of blood and tissues 
showed a significant decrease. Succinic de- 
hydrogenase in both muscle and liver was 
markedly inhibited. Cytochrome oxidase 
activity was not affected. 

The Na-ascorbate used in the enzj-mo assays was 
generously supplied by Van Patten Pharmaceutical 
Company, Cliicago. 


16260 

Passive Cellular Transfer of the Tuberculin Type of Hypersensitivity.* 

Abraji B. Stavitsky.! (Introduced by D. H. Campbell.) 

From the Gates and CrdZia Laloratories, California InsiUuic of Tcchnoioov, Pnsodom.t 


Chase^ recently reported that the tuber- 
culin type of hypersensitivity was transferred 
passively to normal guinea pigs by injection 
of the cells of peritoneal exudate, lymph nodes 
or spleen of guinea pigs sensitized to tuber- 
culin by the injection of heat-killed tubercle 
bacilli. The passively conferred sensitivity 
was transient, lasting about 5 days. This is 
a significant achievement as the failure pas- 
sively to transfer tuberculin sensitivity has 
been adduced as a basic distinction between 
the tuberculin and the anaphylactic or 
Arthus types of hj'persensitivity.- It was 
hoped that, if confirmed, the passive cellular 
transfer of tuberculin hypersensitivity might 
provide a method suitable for the elucidation 

* Supported by a gr.ant from the Poehefellcr 
Foundation for research in immuno-clicmistry. 

t Present address: Institute of Pathology, West- 
ern Reserve University, Cleveland, Ohio. 

t Contribution No. 1153. 

1 Cliasc, M. W., Pnoc. Soc. Exr. Biol, ixn Mkd., 
1915, 59, 134. 

L'Rich, R., The rnthopcncsis of Tuhcrculosis, 
Springfield, Cliarles C. Thomas, 1944. 


of the underlying chemical factors in the 
induction and development of this peculiar 
allergic phenomenon. The repetition of 
Chase’s studies was therefore undertaken. 5 

Materials and Methods. The materials and 
methods were essentially those used by Chase^ 
in his experiments. White albino guinea pigs 
of both sexes were sensitized to tuberculin by 
subcutaneous injection into the groin of heat- 
killed human tubercle bacilli suspended in 
mineral oiP-'*’'' and aquafor. Usually 2.5 mg 
of dried bacillary growth was suspended in a 
total inoculum of 1 ml for each animal. Five 
to 9 weeks later, when cutaneous sensitivity to 

§ Since tlicse confirmatory studies have been 
completed another group of workers reported suc- 
cessful repetition of Chase’s experiments. Cum- 
mings, 31. 31., Hoyt, 31., and Gottshnl), R. Y., 
Pub. IlcaUh Jiep., 1947, C2, 994, 

3 Freund, J., Casals-Ariot, J., and Bosmer, E. P., 
Proc. Soc. Exr. Biol, and 3Ia>., 1937, 37, 509. 

4 Freund, J,, CasaJs-Arict, J., and Genghof, D. 
S., J. Imnntnol., 1940, 38, C7. 

5 Freund, J., and Gottshall, R. T., Arch. Path., 
1942, 34, 73, 
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EFFECT OF ENDOTOXIN ON GLYCOGEN. LACTIC-ACID AND 
PYRUVIC ACID IN LIVER AND MUSCLE 


MG 

5000 


AOOO 


3000 


2000 


1000 



f -n NORMAl. 


I INJECTED WITH ENDOTOXIN 
PW. 5. 


TABLE I. 


Succinic Dehydrogenase Activity of the Liver and Muscle of Babbits Injected with Endotoxin. 

Liver 

Muscle 

Kormal 

control 

Endotoxin 

i' 

Nornial 

control 

Endotoxin 

Meningococcal endotoxin S8.4 

28.0 

10.2 

0.0 

60.1* 

dO.fi" 

15.1* 

G.,!* 

08.9 

29.7 

0^0 

8.4 

80.0 

10.0 

20.1 

8.7 

05.4’' 

20.4* 

19.3* 

7.1* 

72.4* 

31.0* 

Of) ow 

0.9* 

Salmonella endotoxin 03.4 

20.1 

19.0 

5.2 

79.7 

13.1 

17.1 

7.1 

72.4* 

20.0* 

23.3* 

S.O* 

80.1 

17.8 

22.0 

0.2 


* These values were obtained from animals iThicIi were sacrificed before death from the toxin. 


toxins might have produced a state of anoxia 
in their tissues. 

In order to learn more about the mechan- 
ism of the tissue anoxia caused by endotoxin, 
rabbits were injected with meningococcal and 
Salmonella endotoxint as described above and 
the cytochrome oxidase and succmic- 
dehj'drogenase activity of their muscle and 
liver were determined by the Wa rburg techni c 

t The endotoxin of Snlnonclla acrtryckc was 
prepared in the s.amc way as meningococcal endo- 
toxin. 


as described by Schneider and Potter.^^ In 
these enzyme assays phosphate buffer (pH 
7.4) was used instead of HeO for the prepara- 
tion of tissue homogenates. The importance 
of this technical detail will be discu.ssed else- 
where. A significant inhibition of succinic 
dehydrogenase activity was demonstrable. 
Cytochrome oxidase was not affected (see 
Table I). 

It is interesting to note that the cndoto.xins 

13 Schneider, "W. C., and Potter, V. It., J. 

Chem., 1.043, 145), 217. 
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In general the data confirm Chase’s results 
on the passive transfer of tuberculin hyper- 
sensitivity with the further observation that 
whole blood maj' occasionall 3 ' transfer sensi- 
tivitv'. In a few instances by means of daih'^ 
skin tests it was found that the passively 
conferred sensitivity lasted onty 4 or 5 daj's. 
The occasional failures in transfer of sensi- 
tivity with peritoneal exudate or lymph node 
cells have not been satisfactorilj' explained. 

Discussion. It should be emphasized that 
the positive tuberculin reactions elicited in 
the recipient animals were of the delayed type 
typical of reactions in animals actively sensi- 
tized by injection of tubercle bacilli.- The 
reactions rarely appeared much before 24 
hours and were at their height of intensity 
/f.S to 72 hours after injection. 

It is interesting to note that sensitivity was 
transferred in 2 instances bj'^ injection of 
whole blood from sensitized animals. This is 
not surprising as Chase has found recently® 
that the buffy coat separated from the red 
cells of the blood maj'' passively transfer 
sensitivity. These observations and the 
demonstration of typhoid agglutinins in the 
buffy coat from the blood of immunized rab- 
bits' suggest a wider than hitherto supposed 
participation of the white cells of the blood in 
immunological phenomena. 

The positive results emplojdng suspensions 
containing about 95% lymphocytes are indica- 
tive of the possible preeminence of this cell 
in the transfer of sensitivity. The specific 

l.vsis of a portion of small mature tympho- 
cytes from blood or spleen of tuberculous 
mice and guinea pigs upon contact with tuber- 
culiiT may be related to the ability of lympho- 
cj'tes to transfer sensitivity. The recent im- 
plication of h'miihocj'tes as cells which synthe- 
size antibodies'-' may or may not be a related 
finding, a.s it has not been shown so far that 

I St:ivit«ky. 1!.. tiiijiiililislu'd oUserviitiims, 
F.-ivniir, C. li.. I’lioc. Poc. K.vp. Biol. .\xi> Jten.. 
li'tr, (i.Y, cno. 


antibodies are involved in the development 
of tuberculin hj^persensitivity.- The demon- 
stration'® that cells from tuberculin-sensitive 
animals may retain their sensitivity to the 
toxic action of tuberculin after several trans- 
plants in tissue culture would seem to rule 
out the role of circulating antibodies in this 
phenomenon. 

Work is proceeding in the attempt to isolate 
the factor responsible for the transfer of 
sensitivity. Thus far efforts to transfer sensi- 
tivity by means of various crude extracts of 
the cells have been completeh- negative. In 
the endeavor to determine whether the cell 
transfer is a general phenomenon, cell transfer 
of the delaj'ed type of pneumococcus sensi- 
tivity in rabbits" has been tried. Thus far 
these experiments also hav^e proven unsuc- 
cessful. 

Summary. 1. In confirmation of Chase’s 
studies, the tuberculin tjTie of hypersensitivity 
has been transferred passivelj' to normal, 
unsensitized guinea pigs by injection of the 
cells of peritoneal exudate, lymph nodes, 
spleen, and whole blood of tuberculin-sensitive 
guinea pigs. The passively conferred sensi- 
tivity lasted 4 or 5 day's. 

2. The transfer of sensitivity by injection 
of whole blood taken with other observations 
suggests that the white cells of the circulating 
blood may' participate more widely than pre- 
viously believed in immunological phe- 
nomena. 

3. The positive results employing suspen- 
sions containing 95% of lymphocytes suggest 
that this cell type may' be of great importance 
in the transfer of sensitivity. 

The author is grateful to Dr. D.-in II. C'amRheU 
for iiitpre.st and fiicourageniL'iit iu the course of 
these .stiidio.s. 

Ehrich, \V. E., and Harri.s, T. X., Si icncr, Hit.j, 

101, - JS . 

If Moen, J. K., and .Suift, II. IC., .1. ICjrp. jfed., 
loac, «4. a.t't. 

IJ .lulianelle. L. A., .1, £ rji . Med , 1930, 51. 403. 
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TABLE L 

Eeactions to Tuberculm in Guinea Pigs Injected with Cells from Kornial and TubercuUn -<en«itizca 
Guinea Pigs. 


Xo. and type 
donor animals 

Volume and type 
material transferred 
to each recipient^ 

Xo. of 
recipients 

Avg reaction (mm) of 
recipients 

24 hr and 4S hr 

after injection of tubcrcuUnt 

Xo. tuberculin pos.) 

Xo. tested 

15 sensitized 

0.5 ml peritoneal cells 

3 

SX 9,i,e 

12 X 13, 1, e 

3/3 

16 ” 

0.65 ” ” " 

4 

S X 8, 1, e 

10 X 12, 1, c 

3/4 



1 

S X S,e 

12 X 15, 1, e 

1/1 

2 


1 

7 X 7,1 

10 X 10, 1, e 

1/1 

9 

2.0 ml splenic cells 

3 

10 X 9, 1, e 

12 X 12, 1, e 

3/3 

9 ” 

2.0 ' ’ lymph node cells 

3 

10 X 10, 1, c 

12 X 12, 1, e 

2/3 

9 ” 

19.0 ’ ’ defibrinated blood 

3 

9 X 9, 1, e 

10 X 11. 1, e 

1/3 

9 ” 

20.0 ” citrated blood 

3 

8 X 8, 1, e 

11 X 11, 1, e 

1/3 

J f 

S.O ’ ’ serum 

4 

0 

0 

0/4 

16 normal 

0 70 .’’peritoneal cells 

4 

0 

0 

0/4 

16 ” 

2.25 ’ ’ splenic cells 

4 

0 

0 

0/4 


' For example, in the first group peritoue.al cells from 15 sensitized animals were divided into 3 
parts and injected into each of 3 animals; in second group, cells from 1C animals were divided intpwf 
parts, and so on. 

t Reactions to second injection of tuberculin 4S hours after passive transfer, i = induration;, 
e = erythema; 0 = negative. 

+ 111 first group, for example, 3 out of 3 animals tested reacted positively to tuberculin; in second 
group 3 out of 4, and so on. 


N 


tuberculin was found to be definite and 
intense, e.\'iidates were evoked in the sensitized 
guinea pigs by the intraperitoneal inoculation 
of 30 ml of mineral oil. Forty-eight hours 
later the peritoneal cavities were flushed out 
with citrated-Locke’s solution containing 
0.25% gelatin. The washings were placed in 
a separator}'’ funnel and allowed to stand. 
After the oil had risen the aqueous layer was 
collected and centrifuged lightly for several 
minutes. The sedimented cells, about 0.15 
ml from each animal, were resuspended in 
citrated gelatin-Locke’s solution and again 
centrifuged. The washed cells were sus- 
pended in about 4 ml of gelatin-Locke’s solu- 
tion and immediately inoculated intraperi- 
toneally into male albino guinea pigs. The 
differential cell count of the suspension before 
inoculation revealed about 25% polymorpho- 
nuclear leukocytes, 35^0 lymphocytes, and 
40% mononuclears. 

Twenty-four and 48 hours after the cell- 
transfer the recipient animals were tested for 
tuberculin sensitivdtv by intradermal injec- 
tion of 1:2 or 1:4 Old Tuberculin from whicli 
the glycerin had been removed by precipita- 
tion with cold alcohol.® 

As a control each ani mal was also skin- 

C Chase, M. ^V., personal communication. 


tested with 0.1 ml of 1 :2 or 1:4 glycerin broth 
which was deglycerinated in the same manner 
as was the Old Tuberculin. It had been pre- 
viously determined that these concentrations 
of “deglycerinated” tuberculin and broth 
were the highest not producing visible reac- 
tions upon injection into the skin of normal, 
unsensitized guinea pigs. The cutaneous 
response to all test inoculations was measured 
24 and 48 hours after inoculation of the test 
material. 

Cells from the spleen and lymph nodes 
and, in a few instances, whole defibrinated 
or citrated blood and serum from sensitized 
animals also were employed in the attempt 
to transfer sensitivity. It is important to 
note that smears of the l}'mph node cell 
suspensions revealed that appro.ximately 95% 
of the cells were small or medium-sized 
lymphocytes and 5% monocytes. As con- 
trols corresponding tvpcs of cells from normal, 
unsensitized guinea pigs were inoculated into 
normal guinea pigs. 

Results. Pertinent data and results of 
these e.xperiments are summarized in Table I. 
In order to conserve space the uniformly 
negative results of control injections of “de- 
glycerinated” broth and of all tests 24 hours 
after the cell transfer are omitted from the 
table. 
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In general the data confirm Chase’s results 
on the passive transfer of tuberculin hj’per- 
sensitivity with the further observation that 
whole blood may occasionally transfer sensi- 
tivity. In a few instances by means of daily 
skin tests it was found that the passively 
conferred sensitivit}'- lasted only 4 or 5 dai'S. 
The occasional failures in transfer of sensi- 
tivity with peritoneal e.xudate or lymph node 
cells have not been satisfactoril}' e.vplained. 

Discussion. It should be emphasized that 
the positive tuberculin reactions elicited in 
the recipient animals were of the delayed type 
typical of reactions in animals actively sensi- 
tized by injection of tubercle bacilli.- The 
reactions rarely appeared much before 24 
hours and were at their height of intensity 

to 72 hours after injection. 

It is interesting to note that sensitivity was 
transferred in 2 instances by injection of 
whole blood from sensitized animals. This is 
not surprising as Chase has found recently® 
that the buffy coat separated from the red 
cells of the blood may passively transfer 
sensitivity. These observations and the 
demonstration of typhoid agglutinins in the 
buffy coat from the blood of immunized rab- 
bits" suggest a wider than hitherto supposed 
participation of the white cells of the blood in 
immunological phenomena. 

The positive results employing suspensions 
containing about 95% lymphocytes are indica- 
tive of the possible preeminence of this cell 
in the transfer of sensitivity. The specific 
lysis of a portion of small mature lympho- 
cytes from blood or spleen of tuberculous 
mice and guinea pigs upon contact with tuber- 
culin' may be related to the ability of lympho- 
cytes to transfer sensitivity. The recent im- 
plication of lymphocytes as cells which synthe- 
size antibodies” may or may not be a related 
tinding. as it has not been shown so far that 

r Stavitsky. .1. IL. iiiiiiuIilis-Ticd oLccrv.-ition*. 

'• Kaviiiir, 1’., I’Koc. Sac. Exe. Biol. .\xn Mei>.. 
]!M7, (!.">. CUO. 


antibodies are involved in the development 
of tuberculin hypersensitivity." The demon- 
stration*® that cells from tuberculin-sensitive 
animals may retain their sensitivity to the 
toxic action of tuberculin after several trans- 
plants in tissue culture would seem to rule 
out the role of circulating antibodies in this 
phenomenon. 

Work is proceeding in the attempt to isolate 
the factor responsible for the transfer of 
sensitivity. Thus far efforts to transfer sensi- 
tivity by means of various crude extracts of 
the cells have been completely negative. In 
the endeavor to determine whether the cell 
transfer is a general phenomenon, cell transfer 
of the delayed type of pneumococcus sensi- 
tivity in rabbits** has been tried. Thus far 
these experiments also have proven unsuc- 
cessful. 

Summary. 1. In confirmation of Chase’s 
studies, the tuberculin type of hypersensitiviti' 
has been transferred passively to normal, 
unsensitized guinea pigs by injection of the 
celts of peritoneal exudate, lymph nodes, 
spleen, and whole blood of tuberculin-sensitive 
guinea pigs. The passively conferred sensi- 
tivity lasted 4 or 5 days. 

2. The transfer of sensitivity by injection 
of whole blood taken with other observations 
suggests that the white cells of the circulating 
blood may participate more widely than pre- 
viously believed in immunological phe- 
nomena. 

3. The positive results employing suspen- 
sions containing 95% of lymphocytes suggest 
that this cell type may be of great importance 
in the transfer of sensitivity. 

TIic autlior is grateful to Ur. Dan H. Camjibcll 
for intcroat and dicouragoim-iit in tlie cour.ae of 
those studios. 

a Ehrioli. W. E., and Harris. T. X., Hcirncc, 1940, 
lOI, 2S. 

m Moon, .T. K., and Swift, II. K.. .7. Exp. Mcil., 
19:10. <M. ;!S9. 

II .lulianollo. E. A., .7. Exp. Mcil., 1930, ol. 403. 
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‘Accelerator Globulin” and “Antihemophilic Globulin” in Thrombin Form- 
ation from Aged Prothrombin and in Hemophilic Blood.’ 

John H. Ferguson and Jessica H. Lewis.! 

From ihc Department of Fhi/siolof/i/, VnivrrMtp of Xorth CaroUnn. Chaprl Jlill. 


Recent studies^-'-* have shown that a newly 
recognized factor is important in the conver- 
sion of prothrombin to thrombin. The plasma 
“accelerator globulin” of Ware, Guest, and 
Seegers,^-^’-' used in the present studies, con- 
tains this factor and is, in all probability, sim- 
ilar to Quick’s “labile factor’"'* and Owren’s 
"factor V.”' “.Antihemophilic globulin”*" is 
a plasma protein fraction which restores the 
“thromboplastic” defect and thus accelerates 
the thrombin formation in hemophilic blood. 
The following experimental data were ob- 
tained during current iit vitro studies of the 
various factors involved in the process of 
thrombin formation from purified prothrombin 
preparations. 

* This is tlie si.xtli of .'i series of stvulies aitleil 
by a grant from the John and Mary R. Markle 
Foundation. 

f Postdootorate Fellow, U. .S. Publie Health 
Service. 

I Owren, P. A., TJie Coaputation of Blood. In- 
vestigations on a Xcir Clotting Factor, Oslo, 1047, 

2Fantl, P., and Nance, JI., Xatnrc, London, 
104G, 158, 708. 

a tVarc, A. G., Guest. M. M., and Seegers, IV, II,, 

J. Biot. Chem.. 1047, IGD, 2.31. 

■1 Ware, A. G., Guest. JI. JI., and .Seegers, \V, II., 
Heirnce, 1947, lOC, 41. 

•-Quick, A. .L, Jm. J. Physiol., 1043, 140, 212. 

C Quick, A. J.. .4)11. J. Physiol., 1047, 151, ti3. 

- Ilonor.ato, H., Am. J. Physiol., 1047, 1.50, ,3.81, 

405. 

s Munro, M. P., and Munro, F. L., Am. ,T. 
Physio!., 1047, ISO, 400. 

» Ware, A. G.. Murphy, R. C., and .Seegers, W. II., 
Science, 1047, 100, G18. 

10 Lewis, J. IL. Tagnon, 11. ,T., Davidson. C. .S., 
Minot, G. R., and Taylor, F. H. L., Blood (the .7. 
Bematoh), 1046, 1, 166. 

II Ferguson, J. II.. Blood (the J. Ilcnuitot.') , vol. 
honoring G. R. Minot, in jtress. 

12 Ferguson, J. II., Travis, B. L., and Gcrheim, 

E. B.. Piioc. Soc. Ext*. Biol, and Mep., 1047, 04. 
285, 302. 


Reagents (cf. **•*-). I. Borate buficr 
(buff.), pH 1.1 , solvent and diluent through- 
out. 2. Prothrombin (PRO.) from bovine 
phisma, courtesy of Dr. W. H. Seegers and 
colleagues (Wayne Univ.) PRO. G partially 
purified (product 5 of reported procedures)’"' 
potency 720 “units” per mg (dry wt). PRO. 
H, highly- purified (ammonium sulfate frac- 
tionation of product 8),*** potency 990 “units’" 
per mg (drj’ wt = 10 X tyrosine). 3. Throm- 
boplastin (tpln.) 0.2% rabbit lung prepara- 
tion (Squibb’s). 4. CaCIz (Ca) M/20. 

5. Fibrinogen (B.F.), 0.5% .Armour’s bovine 
plasma Fraction I (55% “cloUable”). 

6. ••Antihemophilic globulin” (HF), Har- 

vard” human Fraction I, low in fibrinogen 
(HF, 37%; HFo 18%). 7. •‘Accelerator 

globulin” (AcG), from bovine plasma (Seegers 
ct al.), contained a small amount of pro- 
thrombin. 

Methods. 0.1 fo solutions of PRO., .AcG, 
and HF were divided into 2 portions, part 
being freshly frozen and kept at -20°C until 
tested and part being aged at 28‘’C (thermo- 
stat water bath) for 7 days. 5 cc (total vol.) 
of thrombic mixtures (T), in borate buffer, 
contained 0.1% PRO., to dilution noted in 
Tables I, II, 0.5 cc Ca, 0.5 cc tpln (appro.xi- 
mately optimal), and 0.5 cc of the various 
agents noted. At stated incubation periods 
(i.t.), 0.25 cc T vvas added to 0.5 cc BF, al 
28 'C, and clotting-time (c.t.) noted. 

“.Antihemophilic’’ activity w.as measured 
by addition of 2 cc of fresh hemophilic blooil 
to 0.1 cc of test preparations and me.3Sure- 
ment of the coagulation time at 31^C. 

Results. In the data of Table I, the pro- 
thrombin (PRO //) after aging 1 week at 
28 ‘’C, when diluted and activated with the 
stated amounts of calcium and thrombo- 

1*^ ^ccfjcrs, \y, n., Ijoorrii^, K. (*.. jnjfl Vfimlt'Mlt!'!.*, 

X M„ Arc/i. Uiochrm,^ 39-1.". 0. S5. 

1* KtoJJ, J. T-. Afh'. Prot. Cht'm,, H)*.'!, 
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TABI/E I. 

Effects of “Accelerator Globulin” (AeG) and “ Antiliemophilic Globulin" (HF) on Activa- 
tion of AgeH and Frozen Prothrombin (Pro.). 

T = thrombic mixtures, containing (final concentrations) Pro.H (1:20,000), tpln. (1:5000), 
Ca (ir/200), and agents cited (1:10,000), with borate buffer (pH = 7.7) to 5 cc vol. Clotting 
times (e.t.), sec., at 28°C, for 0.25 cc T -f- 0.5 cc BP (0.5%), at stated incub.ation periods (i.t.). 


T, Pro. Agent 


10m 


- Incubation time , 

15m 20m 30m 1 hr i hr 

( 


J. 

Aged 

— 

190 

2. 

i y 

AeG (aged) 

137 

:t. 

j y 

” (froz.) 

17 

4 . 

> y 

HFi (aged) 

1C5 

5 . 

y y 

” (froz.) 

161 

0 . 

Froz. 



16 

7 , 

y t 

AcG (aged) 

12 

8. 

y 1 

” (froz.) 

12 

9. 

y f 

HFi (aged) 

26 

10. 

y i 

” (froz.) 

29 

11. 



AeG (froz.) 

120 

12. 


” (aged) 

220 

plastin. 

showed 

very' slow activation 

(T,) 


which was incomplete even after 4 hours 
incubation. Aged .\cG e.xerted only a negli- 
gible improvement (To) as compared with 
frozen AcG (Ta) which was able, in less than 
an hour, to restore the full thrombic potency 
as shown by the 8" c.t. identical with that 
reached in T,,. Tr, Ts. The prothrombin kept in 
the frozen state, when activated in the usual 
manner with Ca and tpln. (Tu) completed 
the thrombin formation in less than 20 min., 
and showed only slight acceleration by aged 
■AcG (Tv) and still minor improvement (10 
min. i.t.) by frozen AcG (Ts). HF, did not 
show any accelerator effects with either pro- 
thrombin, but, on the contrary, evinced some 
definite interference with thrombin formation, 
though somewhat less with aged HF T,,) 
than with frozen HF (T.-„ T,„). Small 
amounts of fine flocculant fibrin which ap- 
peared during the incubation of these mix- 
tures did not interfere with the tests and were 
not considered significant. 

Controls. The fibrint^en (BF) contained 
a mere trace of prothrombin which caused 
negligible fibrin shreds to appear in about 
25 minutes when tested with the same amounts 
of Ca and tpln. (in buff.) as used in the 
other tests. HF controls, similarly activated, 
barely increased these traces of fibrin, now 
appearing in about 20 minutes. The AcG 


Clotting time (sec.) 

TO .tn 


129 

105 

72 

50 

30 

17 

104 

78 

61 

43 

23 

15 

11 

10 

10 

9% 

8 

8 
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98 

75 

47 

30 
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32 

10 
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S 

8 

8 
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8 

8 

8 

8 

8 

s 

8 

8 

8 

S 

1614 

13 

1214 

12 

12 

12 

19 

15 

13 

13 

1214 

1214 

95 

73 

71 

62 

53 

48 

220 

0.‘>5 

220 

240 

300 

345 


i 


preparation, as e.xpected, did show a little 
content of prothrombin estimated at less than 
10%, in the frozen solution (T,,). The aged 
AcG showed no prothrombin activity but did 
contain a trace of active thrombin which 
deteriorated somewhat as the incubation pro- 
ceeded (Tie). It is not conceivable that these 
very' minor sources of prothrombin and 
thrombin could be at all significant in explain- 
ing the “accelerator” effect noted in T-. 

Similar e.xperiments with a less purified 
prothrombin (PRO, G) gave e.xactly the same 
results. In Table H, \ the data are presented 
as “percentages” of thrombin yield, derived 
from the clotting-times (Table 11, B) obtained 
by a series of dilutions of T 2 at ma.ximal 
activity (4 hrs). T,: the agcd 'VR.Q., diluted 
and activated in the usual manner with 
optimal Ca and tpln., is only about one-third 
activated in 4 hrs but is estimated as 80% 
complete in 3 days. T^: the addition of 1 cc 
fresh (frozen) 1:1000 -AcG gave over 90% 
of maximal thrombin formation in 10 min. 
and 100% (complete activation) in less than 
4 hours. T;,: HF-., another “antihemophilic 
globulin” preparation, one-tenth vol. (0.5 
cc) of fresh .1:1000 soln., showed the same 
kind of retarding action previously noted with 
HF, (Table I), the best value for thrombin 
yield (i.t. 2-3 days) not e.xceeding 20%. 

Although PRO. G was elsewhere’i sho«-n 
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, mi ... TABLE II. 

“j’WTrHfflfi-o” .-ictintjon. after r/tirini: pcrinth of iiicuhntion fit) in niivfiiinc 
(T) coiitaniijig PEO.fi. (1:12.500) aged, 7 da.v.s at 28=0', tpln. (1:5000), C;i (11/200) -iiid added 
agents (mg jier ce) noted. 0.25 ce T + 0.5 ee BE. 2S°C. pll — 7.7. I > )> ■'ini ainiui 


nrnin in imn J Hr 4 hr Id 2d 3d (i.t.) Clot l.v.sis (.17=) 

ti'- tr. 17 34 50 75 SO XonTTwi'ivO 

2. Aefi .< na ni in.. mn il.n.s; 


T. 

Agent 

o min 

10 min 1 lir 

1. 

Iniff. 

tr. 

fr. 3 7 

O 

AeG (0.2) 

44 

03 05 

3. 

HF.> (0.1) 

tr. 

tr. 3 


B. “ Percent. anc” Dilutions of T- 


Dil. 

100% 

S0% ( 


C'o:ig. time (see) 

10 

15 


TABLE III. 

"Anlilieinoiiliilie" Activifv. 

2 ce freslily drawn licniopliilic Wood added to 0.1 ec 0,1% solutions of agents cited. Centgn- 
iation times (C.T.), min., at 37°C. 


Agent : 

Coag. time (min.) 


Saline AcG 
(control) (froz.) 


to contain a trace of protease contaminant, 
the clot-lysis tests recorded in Table 11, A 
show no appreciable enzyme activity in the 
dilution used. 

In other (not cited) e.xperiments with 
PRO. G solution freshly prepared and acti- 
vated (a) with and (b) without fresh (frozen) 
.‘\cG, a maximal thrombic potency repre- 
sented by c.t. of 8 sec. was reached in (a) 20 
min. or (b) 30 min., respectively. This con- 
firms the evidence in Table I (T.-,, Tr) show- 
ing that these Jm/t or frozen prothrombin 
preparations contain an abundance of the 
AcG factor. In earlier e.vperiments,’‘ testing 
stronger (0.2-0.4%) solutions of this same 
prothrombin, identical activation data (with 
optimal Ca and tpin.) were obtained with 
fresh solutions as compared with the same 
solutions after 3-4 weeks storage at ice-box 
temperature (5'C). 

Table III shows the antihemophilic activity 
of AcG and HF,. Even in the high 
(<0.005^ final) dilution, frozen HFj showed 
marked acceleration of clotting. This activiti' 
was greatly diminished by aging. .^cG both 
frozen and aged showed only minimal effects. 

Discussion. The data clearly show that 
the major change in “aged” prothrombin^ is 
an impaired ability to form thrombin with 
the classical activators, namely, calcium and 
thromboplastin. Fresh (or frozen) ‘accel- 
erator globulin” greatly speeds up the conver- 


sion and restores the thrombin yield (cf. "). 
in fact completely in T;: (Table I), but 
“aging” of the .AcG causes it to lose this prop- 
erty. Fresh (or frozen) prothrombin evi- 
dently contains an adequacy of this factor, 
as a contaminant ® but it deteriorates on aging 
at or above room temperature. Thi.s deteriora- 
tion is emphasized by dilution of the pro- 
thrombin preparation. There is little doubt 
that the validity of estimations of the 
thrombin-yielding potency of prothrombin 
depends upon adequate control of the “accel- 
erator'' factor.® Our findings in regard to 
highly purified (Seegers) prothrombin arc 
comparable to the data of other workers 
investigating the thrombin-yield changes in 
stored and otherwise treated plasma. Inter- 
pretation in terms of presence or instability 
of .AcG possibly e.xplains most of the diver- 
gence of viewpoints noted in the literature 
and accounts for the prothrombin preserving 
and activity restoring powers credited to 
plasma''’’ or certain fractions,'"'’-'''' including 
some fibrinogens.'"'*'"’ 

Questions of possible deterioration of pro- 
thrombin proper or of thrombin in highl.v 
dilute solutions" are raised by the later data 
of Table II, but the anal.vsis of these prnb- 

is )V:irc, -V. fi.. tiin'st, 5r. Jt., :iml 8iv(,'i r-, W. It., 
.tin. .T. PhtihioU. 3!>I7, 100, US. 

10 1.010)11“, K. C., and Set'i;OT.“, IV. JI., .jin. 
rhitunl.. lnl7. I IS, 5U,'!. 
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lems is beyond the scope of the present 
inquiry. The same is true of the explanation 
for the evident interference in thrombin 
formation by our weak HF solutions and the 
only conclusion, for the present, is that “anti- 
hemophilic globulin” lacks the accelerator 
effect. 

We have shown elsewhere'- that HF con- 
tains a protease precursor which, when acti- 
vated bj’’ streptokinase, evinces proteol 3 Tic 
{e.g., fibrinogenolytic, etc.) and “thrombo- 
plastic” (aiding thrombin formation) proper- 
ties, similar to other plasma protease prepara- 
tions. The negative clot-lysis tests included 
in Table II, .A, show that, for reasons of 
dilution and lack of activation such protease 
plaj's no part in the present results. 

.\cG has been studied in several types of 
experiment with completely negative results 
as regards any indication that it may be 
related to the plasma protease'” sr-stem, 
whether as active enzyme or precursor, or as 
activator or inhibitor of added precursor, 
streptokinase, or active protease. It is an 
important point, therefore, that the aid which 
the “accelerator globulin” affords to throm- 
bin formation has no demonstrable relation 
to the plasma protease system (cj. '). 

It is also of interest to note that AcG has 
no significant “antihemophilic” activiU', 

H IVruuson, J. H.. Svicmr, liM."!, J)7, 319; 1947, 
lO.T. 4SS. 


which, of course, is to be expected from the 
normal prothrombin clotting times obtained 
in hemophilia, indicating that hemophilic 
blood has adequate amounts both of pro- 
thrombin and the accelerator factor. 

Conclusions. 1. There is a new factor, 
or group of factors, (Quick’s “labile factor,” 
Owren’s “factor V,” Ware, Guest and Seegers’ 
“accelerator globulin”), to be recognized in 
the first phase of the blood-clotting system. 
.At present it may be considered an 
“accessory” activator distinct from calcium, 
thromboplastin, and thromboplastic enzv'me. 
2. This factor is found abundantly in 
fresh plasma and prothrombin (purified 
by the usual methods, c. g. '^), but 
deteriorates on “aging,” independents of 
the prothrombin. High dilution ma\' be 
necessary to demonstrate this. The addition 
of fresh .AcG will restore the original potenc\' 
of the prothrombin, but aged AcG loses this 
property. 3. .AcG is not “antihemophilic” 
and so-called “antihemophilic globulin’’ is not 
able to restore the activity of aged pro- 
thrombin. 4. “Owren’s disease,”'® a specific 
hemorrhagic disorder associated with a plasma 
deficiency of this new factor, is, in all prob- 
abiliw, a true clinical entity, which suitable 
tests can differentiate from “idiopathic hj'po- 
prothrombinemia,’’ hemophilia, and other 
bleeding diseases, 

n- Owipii, P. .V., LrnifCt, 1947, 2.12, 44(3. 
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Prothrombin Conversion Factor of Dicumarol Plasma.’' 


Charles .A. Owen and Jesse L. Bollman. 

From (hr Divisiau of F.Tprrlmcntal .VfiTiciiic, Jfdi/o Foumhition. Fochcxtcr, .Minn. 


Dicumarol in vit’o is generally believed to 
cause a deficiency of plasma prothrombin. 
The therapeutic value of scrum'-’- in the treat- 

* .\liri(l;;iiu'nt of .-i portion of tlie thc-is snbmitK'il 
by Dr. OvvoM to tin- F:ii-ulty of tlie Gr.-idti.ntc Srbool 
of tin- Vniversity of Mimusot.-i in partial fulfill- 
inont of till' riqnironionts for the (letjrce of Pli.l). 
ill Mptlipine. 


ment of cattle with “hemorrhagic sweet clover 
disease," a dicumarol-induceti diathesis is 
therefore puzzling. 

.An investigation was conducted on dogs to 
which dicumarol was administered orally or 

1 Sti'linfu'Id, i\ w., .7. .|,)|. Met. If. 19-^ 
Gl. ,-..73. ’ 

-• Itoilcrick, L. M., .1 m. .7, Phiisiot., 1931, nc, 413. 
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Days after intravenous dicumarol 
Fig. 1. 

CJinnges of tiic iii otliroiiibin level as detenniiied by the onc-st.ige' niid 
the 2-stage methods after intravenous administration of dienmaro). For 
c.xplanation of o. !/, and c see te.xt. 

intravenous]J^ Prothrombin determinations unit of thrombin per milliliter, the undiluted 
were performed by the one-stage test of Quick^ plasma is said to contain about 300 units of 
and the 2-stage test of tVarner, Brinkhous, prothrombin per milliliter. By determination 
and Smith."* , of the concentration of thrombin at frequent 

To increase the sensitivity of the Quick intervals during its evolution not only the 
test, plasmas were studied at a number of amount of thrombin formed but also the time 
dilutions, 0.3% fibrinogen being used as for its formation are measurable, 
diluent; percentages were interpolated from As e.xpected, the prothrombin level dropped 
the dilution cun^es of control samples. after dicumarolization — the e.xtent of the fall 

In the 2-stage test, plasma is freed of and its duration varying with the dose." 
fibrinogen by the addition of weak thrombin. Fig- 1 shows the characteristic course in a 
which in turn is rapidly inactivated. The female dog, weighing 8.5 kg, given 10 mg of 
defibrinated plasma is diluted: calcium and dicumarol per kilo of body weight, by the 
thromboplastin are added and portions of intravenous route. 

the solution are mixed with fibrinogen, the According to the Quick test the prothrom- 
clotting times being noted. Under standard bin fell more rapidly, to lower levels, but 
conditions a coagulation time of 15 seconds returned to normal sooner than by the 2-slage 
denotes 1 unit of thrombin per milliliter, test. Thus, a sample of blood taken 24 hours 

which is presumed to have arisen from 1 unit after the drug had been administered (a) 

of prothrombin per milliliter. Since normal shou-ed 50% prothrombin by the 2-stage test 

do'^ plasma diluted about 300-fold, yields 1 and 15% by the one-stage test. On the fifth 

■ ! — daj- (b) the two methods were in close agree- 

a Quick, A. J., .St.nnlcy-Browi), M.irgarc^, amt However, on the ninth day' (r), with 

Bancroft, F, tV., Avi. J, .If. 8c,, lOS-'i, 100, .jOI. _ — — __ — — 

-1 Warner, E. D., Brinklious, K. M.. ami .Sniitli, Bollnian, .7, E., and I'rc.-ilon, F. W., .7. .1. M. a., 

If. P., Am. J. Physiol., 1930, 114, GO,. 1P42, 120, lOei, 
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the level determined by the 2-stage test at 
507o again, the prothrombin as determined 
by Quick’s method had returned to almost 
normal levels. 

Repetition of this e.xperiment invariably 
yielded similar results. If smaller doses of 
dicumarol were employed, a point was reached 
(1 mg per kilo of body weight) at which the 
prothrombin, as measured by the 2-stage test, 
fell very little (to not less than 807o) while 
by the Quick test it dropped to a 40 or 50% 
level. 

Study of the rate of conversion of pro- 
thrombin to thrombin seemed to indicate the 
cause of the discrepancy between the two 
methods. "Conversion times’’ represent the 
time required for conversion of 80% of the 
prothrombin into thrombin after addition of 
calcium and thromboplastin to plasma diluted 
to a prothrombin concentration of 1 unit per 
milliliter. It was found that when the Quick 
test yielded lower results than the 2-stage 
test, conversion of the prothrombin was de- 
layed; when the tests agreed, conversion rates 
were normal: or, when the one-stage results 
were higher, conversion rates were accelerated 
above normal. Thus, in Fig. 1, at the pre- 
dicumarol level (100%) conversion of 1 unit 
of prothrombin was 80% complete in 30 
seconds;® at (a) in SO seconds; at (b) in 30 
seconds; at (c) in 20 seconds. 

In an attempt to discover the cause of the 
variable conversion rates of prothrombin it 
was noted that mixture of as little as one 
part of normal plasma with nine parts of 
slowly converting “dicumarol plasma” com- 
pletely corrected the hypoconvertibility (from 
SO seconds to 30 seconds) and likewise closed 
the gap between the one-stage and 2-stage 
tests. For example, at point (a) in Fig. I, 
when 9 parts of the “dicumarol plasma" were 
nii.ved with one part of control plasma, the 
2-stage test now read 52% (theoretically 
55%); a Quick test on this mixture yielded 
55% instead of the expected 24%. Further, 
addition of normal serum, free of prothrombin, 
thrombin, and fibrinogen, was equally cor- 
rective. Thus, some factor would seem to 
be present in normal scrum, as well as in 
plasma, which can accelerate delayed con- 
vertibility. 


Ammonium sulfate fractionation of normal 
dog serum revealed traces of the “conversion 
factor’’ in 25% and 33% saturation fractions, 
with the highest concentration at about 40 or 
50% saturation. Dilution of serum and 
acidification to pH 5.3, followed by exposure 
to magnesium hydroxide, revealed little ad- 
sorption unless a great excess of the insoluble 
hydroxide was used. The factor, like pro- 
thrombin, is associated with the pseudo- 
globulins, but differs from prothrombin by 
being poorly adsorbed by magnesium hy- 
droxide. Its deterioration at extremes of 
pH (5.5, 10.0), with moderate heating 
(50'C). and on exposure to air is much 
greater than that of prothrombin. 

.•\n analysis of dog plasma kept at 4°C for 
several weeks confirmed the findings reported 
in human and ox plasma;*’’ that is, a rapid fall 
of prothrombin as measured by Quick’s meth- 
od, a slower fall as measured by the 2-stage 
test. Study of the rate of conversion of pro- 
thrombin of dog plasma kept at 4®C was 
made at intervals for a period of more than 
60 days. Progressive hypoconvertibility was 
found to be the cause of the discrepancy 
between the methods. Ware, Guest and 
Seegers*’’ have attributed the disparity to 
deterioration of fibrinogen. However, their 
data show incomplete correction when the 
fibrinogen of the plasma was replenished. 
While the fibrinogen must be adequate for 
performance of the Quick test, we find that 
correction of delayed conversion and of the 
difference between the prothrombin methods 
is possible only on addition of the conversion 
factor — such as in plasma, serum, or their 
pseudoglobulins. 

There is a close resemblance between this 
conversion factor and Owren’s factor V,' 
present in Seitz-filtered plasma, or the acti- 
vators of Fantl and Nance’’ and of Ware, 
Guest, and Seegers, as well as Quick’s “pro- 

cXVjire. A. G., Guest, M. M., und Seegers. TV. H., 
.Im. J. Phiixint., 1P47, 150, oS. 

~ Owren, I‘. Acin ncd. Scanilinav., 1047 
(suiijil.). 15)4. ."527 pp. 

SF.-iiitl. P., and Naiiee, M., Xatiirc, London 
lP4fi, 1.58, 70S. ’ 

sAVare. A. G.. Guest, M. M.. and Seegers, W. H. 
J. Iliol. Chfm., 1047, 1(55), 2,31. ' 
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thrombin A.”^® The presence of the factor 
in serum might explain Schofield’s^ and Rod- 
erick’s- therapeutic findings — findings diffi- 
cult to understand if deterioration of pro- 
thrombin alone were present in cases of dicu- 
marol or toxic sweet clover poisoning. 

Summary. Evidence is presented that sug- 
gests the disappearance not onl}' of prothrom- 
bin in dogs treated with dicumarol, but also 
of a factor important in the conversion of 

10 Quick, A, J., Am. J. Phi/siol, 1943, 140, 211!. 


prothrombin to thrombin. Like prothrombin, 
this factor is associated with the plasma 
pseudoglobulins, but unlike prothrombin it is 
plentiful in serum. Addition of plasma, serum 
or serum pseudoglobulin corrects the delayed 
prothrombin convertibility of early dicu- 
marolization or of stored plasnia. i'iie dis- 
crepancy between the one-stage and 2-stage 
methods of estimating prothrombin seems to 
reside in this conversion factor. 
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Immunological Studies of Newcastle Virus. 


Reginald L. Reagan, Marv G. Lillie, Jean E. Hauser, and A. L. Brueckner. 
From the FtarylanH State Foard of JffricuUurc, Live Stock Sonitorir Service, Vuivcrsily of 

Maryland, College Park, .Vori/land. 


A California strain of Newcastle virus, 
Ko. 11,914, which was adapted to the Syrian 
hamster,* prov’ed valuable as an immunizing 
agent in chickens against the virulent unmodi- 
fied virus of this strain.- This successful 
immunization prompted continued experi- 
ments to study the relationship of the living 
modified virus as an immunizing agent, not 
only against the California strain but also 
against a Colorado strain. No. 8518, and a 
Connecticut strain, secured from the Bureau 
of Animal Industry, Washington, D.C. 

Healthy 6-week-oId New Hampshire Red 
chickens were used, and all birds were identi- 
fied by wing bands. Serum from these 
chickens showed no neutralizing antibodies 
for Newcastle disease when tested by the 
chick embryo neutralization test prior to the 
start of the e.xperiment. Three hundred fifty- 
two chickens were vaccinated by injecting 0.2 
cc of a 10% suspension of virus-bearing 
hamster brain into the base of the uattlo. 
Forty infected hamster brains of the eighty- 

Mmy G.,^ rod.nn . 
Loo .T., .-iikI Brucekiier. A. L., Am. 4. I et. I.rs.. 

1947, «, 130. ^ , 

Rm.pm, PepimM, L.. Lillie. G.. Porlinr., 

Leo J.. and linieekiuT. A. L.. to tm yulirmliciL 


second subculture were used for preparation 
of the vaccine, with physiological saline as 
the diluent. One hundred thirty-four tin- 
vaccinated chickens were placed with the 
vaccinated birds as room contact controls. 
All of the chickens were checked carefully 
each day. Table I shows the observations 
during the 28-day period prior to challenge. 

Three groups were then set up, each con- 
sisting of vaccinated birds, unvaccinated room 
control and normal susceptible birds of cor- 
responding age. Group I was challenged 
with the virulent chick embryo propagated 
California strain, No. 11.914. subculture IS. 
Group 11 was challenged trith iJie I'inilent 
chick embryo propagated Colorado strain, 
No. 8518, subculture 8. Group HI was chal- 
lenged with the virulent chick embryo propa- 
gated Connecticut strain, subculture S. The 
results obtained after challenge arc .shown in 

r.tJJLE L 

Kvalualioii nf Cliickeii Dcatti.'; rollowinf; V.'UTiiia- 
tion, J*rior to C/infftHtgc, 
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TABLE II. 

Immunization of Cliickens Against Xewcastle Disease with Modified Newcastle A’irus. 
Boute of vaccination : Base of wattle. Date of vaccination ; 9/5/47 

Boute of challenge: Base of wattle. Date of challenge; 10/3/47 

Challenge dose: 0.5 cc of given dilutions. 

Challenge Virus (California Strain). 


Group I 

' 10-1 

Dilutions 

10-2 10-3 

10-1 ' 

% 


S' D* 

"s D 

.s 

D 

S D 

D 

~s 

Vaccinated 

18 2 

15 5 

17 

3 

17 3 

IG 

84 

LTivaccinatcd contact controls 

2 8 

7 3 

4 

G 

3 7 

GO 

40 

Normal controls 

3 7 

5 5 

(i 

4 

3 7 


42.5 


^ S — No noticeable symptoms. 

D — Dead, also those showing Newcastle disease symptoms. 


TABLE III. 

Immunization of Chickens Against Newcastle Disease with Modified Newcastle Virus. 
Boute of vaccination; Base of wattle. Date of vaccination: 9/5/47 

Boute of challenge ; Base of wattle. Date of challenge; 10/3/47 

Challenge dose: 0.5 ec of given dilutions. 

Challenge Virus (Colorado Strain). 


Group 11 

Dilutions 


% 


' 10-1 10-2 10-3 

10-4 ' 



S’ D’ 'S D 'S D 

S D 

f 

D S 


Vaccinated 31 0 19 1 17 3 19 0 4.44 95.50 

Unvaccinnted contact controls 50 19 04 37 03.4 30.0 

Normal controls 73 73 04 8 2 30.0 70.0 


* .S — ^No noticc.ablo symptoms. 

D — Dead, also those showing typical Newcastle disease sym])toms. 

T.\BLE IV. 

Immunization of Cliickens Against Newcastle Disease with Modified Newcastle Virus. 
Boute of vaccination: Base of wattle. Date of vaccination: 9/5/47 

Boute of challenge: Base of wattle. Date of challenge: 10/3/47 

Challenge dose: 0.5 cc of given dilutions. 

Challenge Virus (Connecticut Strain). 

Group III Dilutions 97, 

lO-l 10-2 10-3 10-t 

S’ D* D *S D "s D D S 

Vaccinated 1,1 If 20 1 19 0 19 1 1.4 9S.G 

Unvaccinated contact controls 9 1 8 2 IS 0 10 0 0.25 93.75 

Normal controls 91 04 82 82 22.5 77!5' 

* S — No noticeable symptoms. 

D — Dead, also those showing Newcastle disease .si-mptoms. 
i Crushed. 


Tables II. Ill, and IV, respectively. The 
challenge was injected into the base of the 
wattle in various dilutions on the twenty- 
eighth day after vaccination. The results of 
these tests are also given in Tables II, III, 
and IV, respectively. 

Table II shows that the living hamster- 


adapted California strain provided good pro- 
tection against the virulent egg-propagated 
California strain. The unv’accinated room 
controls and normal controls, challenged with 
the vaccinated chickens, showed approxi- 
mately equal susceptibility. 

In the case of the Colorado strain, No. 
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thrombin A.”^® The presence of the factor 
in serum might explain Schofield's^ and Rod- 
erick’s- therapeutic findings — findings diffi- 
cult to understand if deterioration of pro- 
thrombin alone were present in cases of dicu- 
marol or toxic sweet clover poisoning. 

Siainnary. Evidence is presented that sug- 
gests the disappearance not only of prothrom- 
bin in dogs treated with dicumarol, but also 
of a factor important in the conversion of 

10 Quick, A. J., Am. J. Phii-iiol., 1943, 140, 


prothrombin to thrombin. Like prothrombin, 
this factor is associated with the plasma 
pseudoglobulins, but unlike prothrombin it is 
plentiful in serum. Addition of plasma, serum 
or serum pseudoglobulin corrects the delayed 
prothrombin convertibility of early dicu- 
marolization or of stored plasma. The dis- 
crepancy between the one-stage and 2-stage 
methods of estimating prothrombin seems to 
reside in this conversion factor. 
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Immunological Studies of Newcastle Virus. 

Reginald L' Reagan, Maby G. Lillie, Jean E. Hauser, and A. L. Brueckner. 
Prom the 2Iary7and State Soard of Affrictdfiirc, Live Sfocl: Sanitary Service, University of 

Maryland, College Parlv, Maryland. 


.A California strain of Newcastle virus, 
No. 11,914, which was adapted to the Syrian 
hamster,^ proved valuable as an immunizing 
agent in chickens against the virulent unmodi- 
fied virus of this strain.^ This successful 
immunization prompted continued experi- 
ments to study the relationship of the living 
modified virus as an immunizing agent, not 
onl}'' against the California strain but also 
against a Colorado strain. No. 8518, and a 
Connecticut strain, secured from the Bureau 
of Animal Industry, Washington, D.C. 

Healthy 6-week-old New Hampshire Red 
chickens were used, and all birds were identi- 
fied by wing bands. Serum from these 
chickens showed no neutralizing antibodies 
for Newcastle disease when tested by the 
chick embryo neutralization test prior to the 
start of the experiment. Three hundred fifty- 
two chickens were vaccinated by injecting 0.2 
cc of a 10% suspension of virus-bearing 
hamster brain into the base of the wattle. 
Forty infected hamster brains of the eighty- 

Tjtengnn, L., Lillie, Mary G., Poclina, 

Loo J., and Bnicekncr, A. L., Am. J. Uct. Ses., 
1947, S, 13G. 

Eeag.an, Reginald, L., Lillie, Mary, G., Poclina, 
Lcn d., and Brueckner, A. L., to be jiubbslicd. 


second subculture were used for preparation 
of the vaccine, with physiological saline as 
the diluent. One hundred thirty-four un- 
vaccinated chickens were placed with the 
vaccinated birds as room contact controls. 
All of the chickens were checked carefully 
each day. Table I shows the observations 
during the 2S-day period prior to challenge. 

Three groups were then set up, each con- 
sisting of vaccinated birds, unvaccinated room 
control and normal susceptible birds of cor- 
responding age. Group I was challenged 
with the virulent chick embryo propagated 
California strain, No. 11,914, subculture 18. 
Group II was challenged with the virulent 
chick embryo propagated Colorado strain, 
No. 8518, subculture 8. Group III was chal- 
lenged with the virulent chick einbr}^ propa- 
gated Connecticut strain, subculture 8. The 
results obtained after challenge are shown in 

TABLE I. 

Eralu.'Jfion of Chicken De.atbs Following V.-iccina- 
tioii, Prior to Clialleiigc. 

Facciiiatec! 1339) Rooiri controls (134) 


Coecidiosis 

10 

1 

Newcastle 

1 

(1 

SiiiotJjorcd 

1 

f> 

3fisecIiaucotis 

1.1 

o 
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Phytopharmacological Experiments with Urethane. 

David I. Macht. 

From the Department of Pharmacology, Lahoratorics, Sinai Sospital, Dnllimorc. 


Ethyl carbamate or urethane has been 
known to pharmacologists for a long time. In 
fact, its physiological properties were first 
described by Schmiedeberg,’- the father of 
modern pharmacology, who was the first to 
point out its narcotic properties. 

At the beginning of the twentieth century 
it was quite extensivelj' employed as an anes- 
thetic for laboratory animals and as late as 
1929 Macht and HilE called attention to its 
usefulness for experimenting on small animals 
such as rats. Clinically, its usefulness was 
favorably reported towards the end of the 
nineteenth century as a hypnotic causing very 
little depression of the circulation and respira- 
tion.®'" The drug became popular in medical 
practice until the introduction of the powerful 
barbiturates which supplanted urethane on 
account of its rather weak and uncertain hyp- 
notic effects on human beings. Nevertheless, 
the drug has been occasionally employed in 
psychiatric practice. 

More recently, a new property of this 
organic chemical compound has been discov- 
ered by Haddow and Sexton, who investigated 
the action of urethane in connection with their 
studies on the influence of various drugs on 
the growth of malignant tumors. These 
studies revealed that while ethyl carbamate 
produced inconclusive effects on the growth 
of malignant cells, it did produce a very 

I Schmimieberp, O., Arch. f. cip. Path. ii. Phar- 
mol-ot.. 18S5, 20, 203. 

- Maeht, D. I., .md Hill, P. S., .Tr., Pr.oc. Soc. 
Exv. Itioi.. .\XD Mm, 1029, 20, S71. 

•I .\iuiro\vs, .T. B., .<711. J. Jii.snn., ISSO, 43, 2.1C. 

■> Hiiebard, II.. Dull. pen. tie thcrap., ISSG, llO, 
10.3. 

•' Iliibiicr, C., and .Sticker, G., Deiiluchc mcd. 
nV/iii.'te/ir., ISSP, 12, 2.30. 

Sievekinp, E. II., and M.tnifold, C. C., Drit. 
.1/. .1., ISSG, 2, lOS. 

' Binot, P., 7.Vr. mcd. dc la .Si7i.«.ve Pom., 1S03, 
IS, GIO, G2S. 


marked fall in the leucocyte count. 

Prompted by this discovery, Paterson, 
Haddow, Thomas, and Watkinson® investi- 
gated the effects of urethane on the blood of 
leukemia and noted in 32 cases of human 
leukemia a decrease in the total white blood 
cell count and the return to a normal differ- 
ential pattern of the ivhite cells. Similar 
findings were reported by Engstrom, Kirsch- 
baum, and Mi.xer" in their e.xperiments with 
mj'elogenous leukemia in mice, hlore re- 
cently, similar studies w'ere reported by Law' 
concerning the effect of uretliane on trans- 
plantable acute lymphoid leukemia, and 
further studies were described by Weir and 
Heinle. 

Hirschboeck, Lindert, Chase, and Cah'y^® 
found little effect produced by urethane 
on malignant tumors but they did observe 
marked action of the chemical on leukemic 
tissues leading to satisfactory remissions in 
some human patients. 

The explanation of this interesting property 
e.xhibited by eth}'! carbamate is still not clear. 
Law, studying the effects of urethane on trans- 
plantable lymphoid leukemia, concludes that 
immature lymphoblasts are significantly de- 
creased in leukemia patients and hemoglobin 
values remain at higher levels in patients 
treated with the drug. He also found that 
the growth of the local subcutaneous tumor 
masses was retarded.^ Kirschbaum and Lu 
demonstrated that urethane decreased the 
number of mitotic figures in the marrow 

sp.itcrson, E., IBiddow, A., Thonin.c, I., .'ind 
■\V;itkiii.si>ii, .T. M., Lancet, 104G. 1, C77. 

n Enpstroiii, R. Jf., Kirscbb.iiini, A., .md Mixer, 
11. W.. Srirncr, 1947, lO."}, 2,75. 

10 Hirseblmeck, .Tolm S., Eiiidcrt, M. C, P., Cb.ntc 

.Tides, ;ind Oilvy, Tbonins h., J. A. .If. A., 194S 
13«, 90. , ’ . ’ 

11 Law, L. W ., Proc. A'at. Acad. Science, 3947 

.33, 204. ' 
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TABLE V. 

UiicOiaDeiigecl Contact Control OiicX-ens. 

A’accinated Ciivaccinated 


E.^posure strain 

Surviv'ors 
e/o NC symptoms 

Kctt'eastle 

swnpfoms 

.Surrirors 
c/o XC symptoms 

Xen'castlc 

symptoms 

Califoini.t 

30 

0 

IS 

.T 

Colorado 

30 

0 

17 

3 

Connecticut 

OO 

0 

20 

0 


8518, the challenge virus was not as virulent 
as the Qalifornia strain, as shown in Table III. 
The calculated amount of protection appears 
low, although only 4% of the vaccinated group 
failed to withstand the challenge. The un- 
vaccinated room controls challenged with the 
Colorado strain showed greater susceptibility 
than normal controls challenged similarly. 

The challenge virus of the Connecticut 
strain was of slightly lower virulence than that 
of the Colorado strain, as shown in Table IV. 
Since only one per cent of the vaccinated group 
showed typical Newcastle symptoms after 
challenge, the amount of protection is sig- 
nificant. The unvaccinated room control 
group showed much less susceptibility than 
the norma! control birds in this group. 

A contact exposure experiment was also 
conducted. Vaccinated and normal chickens 
of corresponding ages were placed with the 
control virus-challenged birds of the ICh^ and 
10'“ dilutions of the California, Colorado, 
and Connecticut groups respectively, as shown 
in Table V. The results of this e.vposure are 
shown in the same table. None of the vac- 
cinated birds succumbed. The contact ex- 
posure to Connecticut virus was not suffi- 
ciently great to cause disease in the normal 
unvacdnated birds. Comparatively few un- 
vaccinated contact birds developed ^ewcastle 
disease in the California and Colorado groups. 
All unvacdnated chickens for this contact 


exposure were brought to the laborator}' the 
day of challenge, at which time they were 
placed with their respective groups. 

Conclusion. Hamster-adapted Awcastle 
virus of the 82nd subculture immuniaes young 
susceptible chickens against virulent egg- 
adapted California strain No. 11,914 and 
against 2 less virulent strains, the Colorado 
strain No. 8518 and the Connecticut strain, 
subculture 8. 

Swnmnry. The pathogenicity of the 82nd 
subculture of the hamster-adapted California 
strain of Newcastle virus used as an immuniz- 
ing agent was negligible in this experiment. 

Through injection of the living hamster- 
adapted California strain No. 11,914, of New- 
castle virus, young chickens were successfully 
immunized against the egg-adapted California, 
Colorado, and Connecticut strains. The mod- 
ified Newcastle virus also produced excep- 
tionally good protection in chickens to contact 
with chickens infected with all above-men- 
tioned strains. 

Susceptible birds, used as contact controls 
with birds injected with modified hamster- 
adapted Newcastle virus, failed to show clin- 
ical evidence of spread of this modified strain. 
There appeared to be some resistance to chal- 
lenge injection in those birds challenged with 
the Connecticut strain, as compared with the 
normal unvaccinated control chickens of this 
group. 
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T.VBLE I. 

Influence of Urctliane on Growth of Seefllinj;?. 


Xomial Plants. 

Prctlianc Pliytotoxie index, 

Yarovized Plants. 
Yretliane Pliytotoxic index. ^ 

Irradiated Plants. 500 r 
Y'retbane Phytotoxic index, ‘Jc 

l:in.onn 

105 

1:100.000 

SO 

1 rion.ooo 

92 

1; "ihon 

100 

1: 75.000 

7(5 

1: .50,000 

S7 

1; 2,000 


1; GO.OOO 

70 

1; 25.000 

C5 

1; 1.000 

9S 

1: 50,000 

5S 

1: 10,000 

GO 

1 : .100 

on 

1: 10,000 

49 

1: .5,000 

50 

1: 2.10 

-.-7 

1; 5,000 

30 

1: 1.000 

25 

1: 100 

00 

1: 1.000 

24 





1: 500 

17 




lure thermostat lor 24 hoots at 60'F (15'C) 
and the influence of the drug on root growth 
was compared in the usual manner. 

It was found that vernalized plants were 
e.xtreme!y sensitive to the effects of urethane, 
whereas normal seedlings -were verj' little 
affected by concentrations of 1:1000. The 
vernalized seedlings were sensitive to solutions 
of as little as 1:100,000. This is well illus- 
trated in Table I. 

A third method of studying urethane on 
what may be termed abnormal plant cells 
was by the emplojanent of seedlings treated 
with deeply penetrating X-rays. Seeds of 
Lupiitiis albus were germinated in sphagnum 
and when 2 days old were radiated with 
X-rays filtered through a composite filter 
consisting of I mm of aluminum and 2 mm 
of copper. The apparatus used was a therapy 
machine operated on 200 Kv on a current of 
20 ma. the plants being at a target distance of 
30 cm. The dosage employed for the most 
part in the present experiments was 500 r. 
The results obtained are shown in the third 
column of Table I. It will be noted that such 
irradiated seedlings were also rendered much 
more sensitive to the effects of ethyl car- 
bamate than normal seedlings. 

Comment. There is considerable literature 
dealing with the inhibitor!' or suppressive 
action of urethane, phenyl carbamate, and 
other carbamates on the growth processes of 
bacteria, protozoa, and various animal tissues, 
as well as plant tissues. Templeman and 
Sexton" studied the effects of such compounds 
upon cereals and other plant species. Lefevre’® 

>'■ Tonii’lcRiriit, W. G., .iml Sexton, W. A., 
.YnJurr. lOI.'i, I.Tfl. 0,10. 

ss I,..t;.vrc. .T.. C. K. Sri. rnrif. 1P30. 208, 

. 101 . 


Studied the effects of urethane on wheat seed- 
lings, oats, barley, and rye. Both of the 
above investigators noted cytological altera- 
tions, blocking of mitosis, and other profound 
changes in the plant soil protoplasm produced 
by the drugs, not unlike those produced by 
colchicine. As far as the author is aware, how- 
ever, no pharmacological studies were reported 
in which abnormal seedlings were compared 
with normal ones in respect to their reactions 
to urethane. The present findings, therefore, 
are of considerable interest, and are of par- 
ticular interest in connection with the effects 
produced by urethane on malignant tumor 
cells and on leukemia blood cells of animals 
as compared with normal animal tissue cells. 
It is not at all uncommon in pharmacology 
to find a difference in reaction to drugs or 
poisons between normal animal cells and 
pathological animal tissues.-® The same has 
been shown bj' the present author to be true 
of plant cells and is strikingly illustrated in 
the present investigation which reveals such 
a marked difference in response to urethane 
by the normal Lupinus seedlings and seed- 
lings which have been yarovized on the one 
hand and irradiated on the other. These 
studies should encourage further investiga- 
tions on the effects of various chemicals and 
drugs on abnormal cells both of animals and 
plants with a view of finding possibly some 
valuable agents that may inhibit the growth of 
malignant issues. 

Summary. Solutions of ethyl carbamate or 
urethane were studied in different concentra- 
tions as regards their influence on root growth 
of Lupiiiiis albus seedlings. It was found 

eOM.'iel.t. D. I., .nnfl Ting, G. C., ,7. Plinrm. and 
Krp. Thrrenp.. 1P21, 18, 111. 
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myeloid cells and reduced the total number of 
circulating n-hite cells, especiall 3 " m.peloblasts, 
in transplanted myeloid leukemia of F strain 
mice, while IMoeschlin^- claims that in the 
treatment of leukemia with urethane there is 
noticed an elective inhibition of the karyo- 
kinesis of leukemic neoplastic cells. 

The present author for the past 2S j^ears 
studied the action of various chemicals, drugs, 
and toxins on plant cells as compared with 
animal cells. These studies which have been 
carried on in a quantitative experimental 
fashion on various plants and especially on the 
root growth of Lnpinus albi/s seedlings have 
been described in detail. It was deemed 
worthwhile, therefore, to examine the effects 
of urethane bj^ ph}dopharmacological methods 
and the results are reported briefly. This 
was deemed especiall}^ worthwhile because of 
the recent announcement b.v Giles that radio- 
activity produces marked changes in plant 
cells. 

Method. The biological criterion employed 
was the elongation or growth of the well- 
defined straight roots of Lupinus seedlings, 
studied by the author’s phytopharmacologicai 
methods, details of which have been pub- 
lished. The procedure was briefly as follows: 

Seeds of Liipinm albus, large variety, were 
soaked in tap water overnight and planted in 
finely ground sphagnum moss containing ade- 
quate moisture. After germination, the 
growth of selected seedlings with roots 35 to 
50 mm long was studied in a solution consist- 
ing of equal parts of distilled water and Shive 
physiological saline.^® At least 20 seedlings, 
placed in hard-glass test tubes, were employed 
for the control solution and for each drug 
solution, in the different concentrations used. 
The sharply defined straight roots were meas- 
ured at the beginning and end of every e.xperi- 
ment, and the ratio of growth of Ae seedling 
roots in the various drug solutions is e.x- 

~l 2 jroeseIilin, Sven, Experimtia, 1947, 3, 195. 

33 Jlaclit, I>, I., Proc. Soc. Exp. Biol, and Med., 


145 , 60, 217. . .r , 

W Maclit, D. I., and Maclit, M. B., J. Lah. and 

lin. Mfd., 1941, S 6 , 597. „ , , 7 u ■ 

la Giles, Norman F., Jr., Proc. A at. Acad. Set., 
X ir* ^3 ^83 

10 Shive, J. IF., Physiol. Per., 1915, 1, 327. 


pressed as a percentage of their growth in 
the control solution according to the formula, 

X 

Index of growth =: — X 100 
N 

in which FT represents average growth of con- 
trols and X the average growth in the drug 
solution. All of the seedlings were allowed to 
grow for 24 hours in the dark at I5°C. 

Results. In Table I are shown the results 
obtained with different concentrations of ure- 
thane on the growth ol Lupinus albus seed- 
lings studied in a manner described above. 
It will be seen that norma] seedlings are verj’ 
little affected bv' the drug. Even solutions 
1:1000 are inhibited onlj’’ slighth’, the index 
of growth being on the average above 90%. 

A verj' different effect of urethane was ob- 
tained b}! the use of seedlings raised in a 
different manner. The present writer has 
been making studies on the comparative re- 
action of normal seedlings on the one hand 
and so-called vernalized or 'Varovized" seed- 
lings of Lupinus albus. Yarovization is a 
term introduced bj' Russian pJant-ph 3 "siolo- 
gists to describe a phenomenon produced by 
e.\'posing plants to e.xtreme variations of tem- 
perature.^' A simple and efficient method for 
obtaining yarovized seedlings is to e.xpose 
them to quite low temperature but not such as 
would freeze the plant. Such plants obvi- 
ously are markedly changed in their metab- 
olism and the author has found that such 
seedlings may respond differently to certain 
blood sera and drugs from the responses given 
by normal seedlings, even though both the 
normal and the previous^v yarovized plants 
are allowed to grow at normal temperatures 
when the ph 3 '’topharmacologicaI e.vperiment 
is performed. In the present research, Lupinus 
seedlings were germinated in sphagnum moss 
and when they were 2 da 3 's old, the jar with 
the young seedlings was placed in a refrigera- 
tor for 24 hours at 42 °F (5.5°C). These 
seedlings were then employed simultaneously 
with other seedlings reared at a normal tem- 
perature of 70° and exposed to the action of 
various concentrations of urethane. Both 
sets of plants were placed in a low tempera- 

1" Miller, E. C., Plant Physiotogu, End Edition, 
193S. 
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Fig. 2. 

Illustrations of pulse- frequency recording under various conditions and recording speeds. 
.1 is from one plienobarbitalized dog, JJ to E from another. Small vertical arrows indicate 
s'.multancous points. Vagus nerves were cut between E and C. Recordings from below ui>ward 
are signal, time, pulse frequency, respir.atory minute volume, spirometer, and femoral arterial 
manometer engaging the contacting lever. Large diagonal arrow indicates failure of one 
individual pulse to register (see text). 


lever into three tines which are displaced, 
respectively, by (a) the rachel, (b) a notch 
in the units-wheel, and (c) the lug on the 
tens-wheel of the counter mechanism. On 
a single record, individual pulses, tens, and 
hundreds are thus characterized by suitable 
amplitudes and/or directions of lever- 
movement. This summating recorder does 
not require calibration, and is more compact 


and more easily devised than a Zeitschrei- 
ber.=-« The latter, equally well adaptable to 

Fleisch. A., in Abderlinldcn, E., J/niidbiirli dcr 
binlnaiscficn .tr/intxmctfirnrai, Urlmu & Scliwarzen- 
berg, Berlin .nnd Wien, lO.sn, Abt. V, Toil S, 
p. 90.',. ’ ‘ ' 

^Gc.sell, R., .Voienco. 1934. 71>, 275. 

<Gaddum. .T. IL. and Kwiatkowsbi, H., .7 
Pht/siol., 193S, 04, ST. 
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that whereas normal seedlings are very little 
affected by the drug, other seedlings of an 
abnormal type were very sensitive to urethane. 
Specifically, it was found that yarovized or 
vernalized seedlings are extremely sensitive 
to even dilute solutions of the drug and the 


same was found to be true of seedlings which 
were irradiated with hard X-ravs in doses 
of 500 r.* 


* By courtesy of Dr. Marcus Ostro, Katliologist 
ill CWef, Sinai Hospital, Baltimore. 
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An Easily Assembled Pulse-Frequency Recorder. 
Claude V. Winder, Richard W. Thomas, and Joan "Wax. 

From the Fesearch Lahoratories, Parlre, Davis and Compann, Detroit, Mich. 


Continuous, automatic, kymographic re- 
cording of pulse frequency conserves time, 
recording paper, and workers' patience. The 
device to be described is easily assembled 
with ordinary laboratory tools and supplies. 


As shown in Fig. 1, a heart-lever fulcrum 
(Fi) is equipped with a tight-fitting, hollow 
laboratory straw (carrying lever, Li) bearing 
an adjustable counterpoise (WE) on the 
short arm, and the fulcrum (Fo) of a second 
straw (contacting lever, Lj) on the long arm. 
The counterpoise is a weighted heart-lever 
fulcrum. The fulcrum of the contacting lever 
is a piece of aluminum (lever) wire, wound 
about and cemented (Duco) to the carrying 
lever, and passing as a bearing pin in a hori- 
zontal hole through the contacting lever. Into 
one end of the contacting lever is cemented a 
soldered-wire slip-yolk (Y) w'hich engages 
the cross (recording) wire (M) of an ordinary 
recording mercury manometer. Into the 
other end is cemented a platinum wire which 


makes contact (C) with a drop of mercury 
in a tiny platinum-foil cup soldered onto the 
fulcrum block of the carrying lever. The 
long arm of the carrying lever is extended 
with an aluminum wire shaped (a) to serve 
as an adjustable stop (ST) for the contacting 
lever, and (6) as a lateral friction surface of 
the carrying lever against a lightly contacting, 
silk thread (FR) rendered slightly taut by 
the tension of a rubber band at one end. 
Contact C closes a circuit between the 
grounded and insulated (INS) binding posts 
"(BPi and BPe) on the insulation-sheathed 


supporting rod (SU). The conducting wire 
(WI) from the platinum wire must be fine 
and flexible. 

The contacting lever is balanced on its 
fulcrum b}' a suitable combination of fulcrum 
position and lengths of wires inserted into 
its ends. The entire system is then balanced 
on the carrying fulcrum by adjustment of 
counterpoise, WE. Engagement with the 
manometer thus has no significant influence 
on the latter’s mean recording position. 

To facilitate adjustments, universally ad- 
justable clamps are used for mounting the 
device proper and the rods between which the 
friction thread is strung. The stop (ST) 
for the contacting lever is adjusted bj' bend- 
ing so that the lever’s freedom of excursion 
does not e.xceed the smallest systolic excur- 
sion of the manometer apt to be e.vperienced 
(short of terminal cardio-vascular failure). 
The light tension of the friction thread is 
adjusted to just hold the carrying lever at the 
position to which it is brought by the excess 
of the manometer e.xcursion beyond the con- 
tacting lever’s short range, .“liutomatic com- 
pensation thus occurs to changing mean and 
pulse pressures. 

In present use, this contacter activates, 
through a standard-type electronic relay, a 
modification of the “counter-recorder” pre- 
viously described.^ The modification consists 
of branching the power end of the recording 

1 WiiKlcr, C. T., .Till! iloorc, V. A., J, Lah. and 
Clin. Med., ms, 30, S9i. 




Fig. 2. 

Illustrations of pulse-frcqucncy iccordiiig under various conditions and recording speeds. 
.1 is from one pUenobarbitalized dog, F to F from anotlicr. Small vertical arrows indicate 
simultaneous j'oints. \ agus nerves were cut between IS and C. Kecordings from below upward 
arc signal, time, pulse frequency, respiratory minute volume, spirometer, and femoral arterial 
manometer engaging tlic contacting lever. Large diagonal arrow indicates failure of one 
individual pulse to register (sec text). 


lever into three tines which are displaced, 
respectively, by (a) the rachet, (b) a notch 
in the units-wheel, and (c) the lug on the 
lens-wheel of the counter mechanism. On 
a single record, individual pulses, tens, and 
hundreds are thus characterized by suitable 
amplitudes and/or directions of lever- 
movement. This summating recorder does 
not require calibration, and is more compact 


and more easily devised than a Zeitschrei- 
ber.--^' The latter, equally well adaptable to 

Fleisch, A., in Abderlialden, E., Ilandbucli dcr 
bwloflischcn ArhcitKmrtboilcn, Erban & Scliwarzen- 
berg. Berlin .and Wien, Abt. T, Teil 8 1935 
p. 905. ' ’ 

a Gesell, R., Science, 1934, 79, 275. 

■* Gaddum, .1. II., and Kwiatkowski, H., J. 
PJii/.viot., 193S, 94, S7. 




242 


Alkaline Phosphatase in Hepatic Cells 


the present contacter, does not require exact 
reference to a simultaneous record of time, 
indicates instantaneous changes in frequency, 
and provides a ready-made graph of the 
(reciprocal) frequency course. Junkmann’s'^ 
original Impulszahler falls into the latter cate- 
gory except for direct frequency plotting and 
for lack of instantaneous information. 

As illustrated in Fig. 2, with optimal adjust- 
ment, the systolic e.\'cursions of the manome- 
ter are selectively registered during widely 
and abruptly varying patterns of respiratory 
pressure waves, pulse pressure, and mean 
pressure. The limits of fidelity are those of 
the mercury manometer, as illustrated the 
individual unregistered systole in Fig. 2B 
(arrow), where a ver)' low pulse oscillation 
was masked by relatively vigorous respiratory 
■waves during histaminic hypotensive dyspnea. 

3 Druckrey, H., and tJlilig, P., Arch. f. exp. Path, 
'll. PharmaPol., 1941, 198, 74. 

0 Genuit, H., and Euppert, H., Arch. f. exp. 
Path. ii. Pharmal'ol., 1943, 200, GS4. 

7 Junkninnn, K., Arch. f. exp. Path. v. Pharma- 
l-ol., 1927, 120, 314. 


The principle of automatic compensation 
to varying hemodjmamics, fully present in 
the contacting instrument of Genuit and 
Ruppert® which inspired the present simplifi- 
cation, was lacking in Fleisch’s Pulspelotte 
and partially present in such manner as to 
operate against sensitivity in ISTyboer's® con- 
tacter. Electronic cardiotachometers employ- 
ing the cardio-electric R-wave are, of course, 
inherently independent of hemodynamics. 

It will be apparent that the contacter de- 
scribed is adaptable to mam’’ oscillator.v phe- 
nomena, with provision of a simple engage- 
ment for the contacting lever. 

Stimmary. A simple contacting lei-er, 
mounted on a carrjdng lever and engaged 
with a mercury-manometer cross-wire, selec- 
tively registers systolic pulsations. It is used 
to activate, through a relay, a simple counter- 
recorder,^ improved. Individual pulses, tens, 
and hundreds (etc.) are characterized by 
amplitude and/or direction of excursion of a 
single recording lever. Operation and limita- 
tions are illustrated. 

SNvbocr, J., Aru J. Physiol, 1933, 100, 204. 
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Alkaline Phosphatase Activity and Basophilia in Hepatic Cells Following 
Administration of Butter Yellow to Rats.* 

Robert C. MellorsI and Kaneaiatsu Sugiura. 


From the Sloan-Kettering Institute, 

A cytochemical study'^ has been reported 
previously of the activity of phosphatase (at 
pH 5.0) in the cytoplasm of motor neurons 
during their regeneration. A well-defined 
increase was found to be associated with the 

" * Presented .nt the F^th Internation.nl Cancer 
Eescarch Congress, St. Louis, September 6, 1947. 
A ratlier similar study was reported by N. Buclier 
and A. Glinos at tliis Congress. 

i This work u as supported by a Eellowsbip Gr.ant 
of the American Cancer Society, recommended by 
the Committee on Growth of tl.e National EcscarcU 

Council. , „ , 

1 Bodian, B-, and Mcllors, E. C., J- Erp- 

1945, 81, 409. 


Memorial Hospital, New Tork, N.T. 

dissolution of cellular basophilic material, 
chromatoly'sis, and its regeneration, chromat- 
ogenesis. 

The alterations in phosphatase activity pre- 
viously described were in cells which do not 
divide. It was desirable, therefore, to extend 
the observations to include regenerating ceils 
in which mitosis can be investigated. 

There are presented herewith the results of 
a study of alkaline phosphatase activity' as 
correlated with basophilia in the hepatic cells 
of rats fed butter yellow (p-dimethylamino- 
azobenzene) in a diet which renders the liver 
of the animal susceptible to consequent cancer 
production. 
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A large part of the cj'toplasmic basophilic 
substance is contained in prominent struc- 
tural entities, called Nissl bodies in the case 
of the nerve cell. These structures have been 
shown to consist of a protein matrix with a 
basophilic component which can be removed 
by ribonuclease activity They absorb ultra- 
violet light at 2600 A,®’'* and do not react by 
Feulgen’s method. It can be concluded, 
therefore, that they contain nucleic acid of the 
ribose tj^pe. 

Opie’ described the mobilization of baso- 
philic material in the cytoplasm of liver cells 
in which degenerative, regenerative, and pro- 
liferative changes had been induced b}' butter 
yellow. This material was shown by Opie 
and Lavin® to have the characteristics of 
ribonucleic acid. 

The demonstration of alkaline phosphatase 
in large granules separated from the cyto- 
plasm by Claude' and in residual chromo- 
somes isolated from the nucleus by IMirsky 
and Ris® indicates an association of this 
enzyme, or group of enzymes, with structural 
and functional components of the cell. 

Methods. Thirty-three albino rats (Sher- 
man strain) were offered a diet of unpolished 
rice supplemented with fresh carrots. Butter 
yellow, p-dimethylaminoazobenzene,® was 
included at a level of 0.06%. Six normal 
rats of comparable age and weight, offered 
the same diet but without butter yellow, were 
studied as controls. At approximated' weekh' 
inten-als from 7 to 258 days, the animals were 
killed and studied histologically. The weights 
at death were from 85 to 380 g. 

Thin slices of liver were fi.xed immediately 

-■ Brachet, J., C. P.. Soc. hiol., 1940, IS.*?, S8. 

“ Gcrsli, I., .111(1 Bodian, D., J. Cell, and Comp, 
rinisiol., 194.-!, 21, 253. 

r L'liidstrom, IT., Caspcrssoii, T., and Wohlf.irt, 
G.. iC. mil.T-aimt. Korscti., 1941, 49, 534. 

Opic, E. L., ,T. Exp. 3[cd., 1940, 84, 91. 
r. Opic, E. L., .ind L.ivin, G. I., J. Exp. Med., 
1940, 84, 107. 

r Claude, A. A. A. S. Pcscarch Conference on 
Cnnccr (1944), IVasliingtoii, D.C., A. A. A. S., 
1945, 223. 

t-Mirksv, A. E., and Bis, IT., J. Gen. Phpsiol., 
1947, 31, 7. 

sSugiura, K., and Blioads, C. P., Cancer Pc- 
ftarch. 1941, 1, 3. 


in ice-cold acetone, imbedded in paraffin, and 
cut in serial sections. The method of Gomori'® 
was employed for the histological demonstra- 
tion of alkaline phosphatase activity at pH 
9.0, temperature 37°C, and period of incuba- 
tion from 1 to 3 hours. A variety of sub- 
strates were used: glycerophosphate, fructose 
diphosphate, adenylic acid, and ribonucleic 
acid (from yeast). Adjacent sections were 
stained by a variety of technics, the most 
useful of which was that of Giemsa (Wohl- 
bach's modification).^^ In addition, sections 
were studied for basophilia, when stained with 
methj'lene blue and toluidine blue under con- 
trolled conditions,^- before and after incuba- 
tion in a solution of purified ribonuclease, 
(enzyme concentration 0.1 mg/cc, pH 
6.75, temperature 58°C, duration 2 hours) 
and desoxyribonuclease,^^ (enzj'me concen- 
tration 0.1 mg/cc, pH 6.75, Mg ion 0.003 M., 
temperature 37°G, duration 2 hours). 

Results. Although acetone fixation is not 
ideal, basophilic bodies were prominent in 
the ct'toplasm of the normal rat liver cells 
stained by Giemsa’s procedure. (Fig. l.'\). 
.■\lkaline phosphatase activity was uniformly 
slight in both the cytoplasm and the nucleus 
of these cells (Fig. IB). 

After the administration of butter yellow, 
however, degeneration w'ith chromatolysis and 
regeneration with chromatogenesis were pres- 
ent in the cytoplasm essentially as described 
by Opie.^ 

Early focal chromatol 3 'tic changes were 
demonstrable after 24 daj's, and were prom- 
inent after 45 da\'S, when some cells had lost 
much or all of their cytoplasmic basophilia 
and, in some instances, the staining properties 
of their nuclei as well. After 51 daj's, baso- 
philia as evidence of chromatogenesis was 
seen in some cells, although advanced 
chromatoK'sis was still predominant. At 95 

10 Gomori, G., Pr.oc. Soc. Exp. Biol. .\xd Med., 

1939, 42, 23. 

11 M.itlor}', F. B., Pathological Technique, Pliil.i- 
(Iclphi.i, IV. B. S.iunders Co., 193S, 193. 

12 BcDipscy, E. TV., and Singer, It., Endocrinol, 

1940, .38. 270. 

t Kindly supplied by Dr. >r. Kunltz, 

i-i Kunitz. M., J. Gen. Physiol, 1940, 29, 15. 

14 McCnrlliy, M., d. Gen. Physiol, 1940, 29, 123. 




Fig 1A. Normal hepatic cells containing cvtoplasniic hasnnl.ii- 
Paraffin section 4 microns. Giemsa (Wolh-acir’s).*^ .'iOO v ^ 

Fig. IB. Normal hepatic ceils ivith .sliglit alkaline »liosn!ntoo„ .• - 
activity in biliary capillaries. Acetone fi.vation. Paraffin seetinn 
Glycerophosphate substrate, pH 9.0, 3 hours' incubation at 37°C x’ 


Acetone ti.\ation. 

Jfore conspicuous 
Goniori 's method. 
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Fig. 2A. Dcgenoration and cliroinatolysis in licpatic cells after D5 days of Imtter yellow 
administration. Acetone fixation. ParafiTm section 4 microns. Gieinsa (Wolbacli ’s). 500 X. 

Fig. 2B. Same section as 2A. Focus of regeneration and cliromatogcnesis in liepatie cells, 
with prominent cytoplasmic basopliilia. 

days, cytoplasmic basophilia was intense in 
foci of regeneration and hjTierpIasia (Fig. 

2B) in sharp contrast to the faint basophilia 
of cells with persistent evidence of degenera- 
tion and necrosis (Fig. 2A). After 197 days, 
focal basophilic regeneration and hyperplasia 
were associated with hepatoma, cholangioma, 
and adenocarcinoma. 

A slight tendencj' toward decreased alka- 
line phosphatase activity at pH 9.0 was 
present in association with the hepatic chro- 
matolysis (Fig. 3A). In contrast, an increased 
activity w.as frequently present, both in the 
nucleus (nuclear membrane, chromatin, nu- 
cleolus, dividing chromosomes) and to a lesser 
degree in the cytoplasm in foci of basophilic 
hyperplastic and proliferating cells (Fig. 3B). 

This conclusion w.is established by direct 
comparisons of sections stained for alkaline 
phosphatase activity with adjacent sections 
stained by the Giemsa procedure. In these 
comparisons, it was clear that, although a good 


correlation could be drawn between basophilic 
hyperplasia of parenchymatous cells and a 
distinct increase in phosphatase activity, the 
findings were not absolutely uniform. 

Observations of cells other than paren- 
chj’matous under the conditions of these 
experiments were of interest. In the epithe- 
lium of the bile ducts, no significant alteration 
in phosphatase activity occurred either during 
proliferation or actual hyperplasia. Intense, 
although not necessarily increased, phospha- 
tase activity distinguished mast cells, some- 
times present in abundance in the connective 
tissue around proliferating bile ducts. Con- 
spicuous activity i\-as occasional!}' present in 
the sinusoidal endothelium and usually present 
in the endothelium of the small blood vessels. 
^Moderate activity was in evidence in prolif- 
erating fibroblasts in the stroma of cirrhosis 
and cholangiofibrosis. 

In hepatoma, cholangioma, and metasta- 
sizing adenocarcinoma, the phosphatase activ- 




Pig 1A. N-ormal hepatie cells containing cytoplasmic basophilic material 
Paraffin section 4 microns. Giemsa (Wolbach’s). 500 x * “latcriaJ 
Pig. IB. Normal hepatic cells ivith slight alkaline phosphatase actirity 
aetiyity in biliary capillaries. Acetone fixation. Paraffin section 5 microns 
Glycerophosphate substn-ite, pH 9.0, 3 hours' incubation at 3T‘‘C 500 x ' 


Acetone fi.x.ation. 

Jlore conspicuous 
Gomori 's method. 
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Fio. 2A, Descnoration and clirnmatolysis in hepatic cells after 95 days of hutter yellow- 
administration. Acetone fixation. ParafTiii section 4 microns. Gienisa (Wolbach's). 500 X. 

Fio. 2U. Same section as 2A. Focus of regeneration and chromatogenesis in hepatic cells, 
with prominent eytojilasmic hasoiihilia. 


(lays, cytoplasmic basophilia was intense in 
foci of regeneration and hyperplasia (Fig. 
2B) in sharp contrast to the faint basophilia 
of cells with persistent evidence of degenera- 
tion and necrosis (Fig. 2.'\). After 197 days, 
focal basophilic regeneration and hyperplasia 
were associated with hepatoma, cholangioma, 
and adenocarcinoma. 

A slight tendency toward decreased alka- 
line phosphatase activity at pH 9.0 was 
present in association with the hepatic chro- 
matolysis (Fig. 3A). In contrast, an increased 
activity was frequently present, both in the 
nucleus (nuclear membrane, chromatin, nu- 
cleolus, dividing chromosomes) and to a lesser 
degree in the cytoplasm in foci of basophilic 
hyperplastic and proliferating cells (Fig. 3B). 
This conclusion was established by direct 
comparisons of sections stained for alkaline 
phosphatase activity with adjacent sections 
stained by the Giemsa procedure. In these 
comparisons, it was clear that, although a good 


correlation could be drawn between basophilic 
hyperplasia of parenchymatous cells and a 
distinct increase in phosphatase activity, the 
findings were not absolutely uniform. 

Observations of cells other than paren- 
chymatous under the conditions of these 
e.\periments were of interest. In the epithe- 
lium of the bile ducts, no significant alteration 
in phosphatase activity occurred either during 
proliferation or actual hyperplasia. Intense, 
although not necessarily' increased, phospha- 
tase activity distinguished mast cells, some- 
times present in abundance in the connective 
tissue around proliferating bile ducts. Con- 
spicuous activity was occasionally present in 
the sinusoidal endothelium and usually present 
in the endothelium of the small blood vessels. 
^Moderate activity was in evidence in prolif- 
erating fibroblasts in the stroma of cirrhosis 
and cholangiofibrosis. 

In hepatoma, cholangioma, and metasta- 
sizing adenocarcinoma, the phosphatase activ- 
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Fig. 3A. Section adjacent to 2A. Same area of degenerating and ehromatolytic Iiepatic 
cells as shown in 2A, witli very little alkaline phosphatase actirity. Acetone fixation. Paralfin 
section 4 microns. Gomori’s method. Glycerophosphate substrate, pH 9.0, 3 hours’ incubation 
at ST^C. 500 X. 


Fig. 3B. Same section as 3A. Same focus 
2E, with increased alkaline phosphatase activity 
somes. and, to a lesser extent, in cytoplasm of 
bile capillary. 

ity, variable and focal in distribution, occurred 
in the tumor cells, particularly in those which 
appeared to be degenerated or to be asso- 
ciated with necrotic debris.^^ 

Siinnnary aaiid Conclusions. As with the 
reformation of Nissl substance in the motor 
neuron, the resynthesis of nucleic acid in the 

L‘> Rabat. E. A., and Forth, J.. Am. J. Path., 
1941, 17. 303. 


of regeneration and chromatogencsis as shown in 
in nucleus (membrane and chromatin), chromo- 
hcpatic cells. Activity is conspicuous also in a 

cytoplasm of the regenerating hepatic cell, 
injured by butter yellow, is accompanied, 
during certain phases of the reaction at least, 
by an enhanced activity of alkaline phospha- 
tase. The cellular distribution of the altera- 
tion is principally cytoplasmic in the nerve 
cell, with the optimum pH in the acid range, 
and nuclear in the hepatic cell, with the 
optimum pH in the alkaline range. 
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Diagnosis o£ Pregnancy by Cytologic Criteria in Catheterized Urine.*^ 
George N. Papanicolaou. 

J'rnm the Departments of Anatomy and Obstetrics and Gynecotnyy, Cornell Vniversity iLcdical 

College, New Tori:, X.T. 


Pregnanej" causes marked proliferation and 
growth in the epithelium of the- vagina and 
the cervix.^ This results in characteristic 
cytologic changes, which permit the diagnosis 
of pregnancy through the microscopic exam- 
ination of fluid aspirated from the vagina. 
The use of the vaginal smear in diagnosing 
pregnancy was advocated by me in 1925.“ 
The extreme growth of the epithelium of 
the vagina and the cervix during gestation is 
accompanied by a considerable increase in 
the secretion of glycogen. Glycogenic cells 
become thus very prominent in the vaginal 
smear of pregnancy. The most typical of 
these cells are the so-called “navicular” cells,® 
which have a definite diagnostic value. Their 
differentiation from corresponding cells of the 
normal cycle is possible through certain cri- 
teria such as enlargement and elongation of 
their nuclei and thickening of their surface 
membranes. 

The vaginal smear method of diagnosing 
pregnancy, though morphologically sound, did 
not prove to be of great practical value as a 
routine diagnostic procedure. The identifica- 
tion of the “navicular cells of pregnancy” 
requires great e.xperience and is not always 
dependable. It is often difficult to differen- 
tiate these cells from other forms of navicular 
cells found during the normal menstrual cycle 
or in certain types of secondary amenorrhea. 
Furthermore, other factors, such as inter- 
course or bacterial and parasitic infections 
may distort the vaginal smear picture, thus 
impairing its diagnostic value. 

Aidett by grawt from tbo Commoiiwealtti 
Fund. 

I Stiovc, II., f. mit:rosl:.-nnat. I'orsch., lO-’S 
3. 3. 

e Fiipa'iieobnou, G. X., Pr.oc. Soc. Exe. lUoi.. .\n-d 
SIrj)., 193.“,. 22, 4.30. 

3 Fapmucoluou. G. X., .in. . 1 . .Inni.. 1933 , 52 . 3 
fSupidcinont). 519. 


In the course of studies of smears prepared 
from urine sediment for the purpose of detect- 
ing cancer cells,*'®’'’’ I have been impressed by 
the greater cytologic uniformity of such 
smears in comparison with vaginal smears. 
The normal exfoliation in the urinary tract 
is much scantier than in the female genital 
tract and the variety in the types of des- 
quamated cells is much more limited. The 
appearance of any significant cytologic 
changes can thus be noted much more readily 
in the “urine sediment” than in the vaginal 
smear. 

The effect of the estrogenic hormone upon 
the cellular make-up of the urine sediment 
smear may be cited as an example. This 
effect is noticeable in the urine of women as 
well as of men. I first observed it in the case 
of a man receiving estrogenic therapy for a 
carcinoma of the prostate.® It consists in the 
appearance of squamous acidophilic cells with 
a pyknotic nucleus and c 3 'toplasmic granules 
greatl\' resembling the cells found in the 
vaginal smear either normalh’ during the 
follicular phase or after estrogenic therapj'. 
The recognition and identification of these 
cells is indeed easier and less equivocal in the 
“urine” than in the “vaginal” smear. This is 
because the vaginal smear contains almost 
invariablj- other non-specific squamous acido- 
philic small-nucleated cells which complicate 
the cytologic picture. The urine sediment 
smear ma\’ thus prove to be more accurate in 
assaying estrogens than the vaginal smear. 
The urine of women should be obtained by 
catheterization in order to prevent the admix- 
ture of vaginal cells. 

hlore recently, my attention was directed 

I P.ip.iiiH'olaou, G. X., .'111(1 Marshall," V. F. 
Science, 1945, 101, 3039. 519. ’ 

Paiianicolaou, G. X., ./. .4 m. .Ifrd. . 4 ..;.,„ ^ 

131 . . 173 . ■’ ■ ’ 

« Papanicolaou. G. X.. .7. Vr„l.. 1947, ." 7 . 375 . 
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Fig. 1. 

Photograph of drawings of cells of the navicular type found in smears prepared from 
the urine of pregnant women. X 400. 


toward the cytologic changes occurring in. the 
urine of pregnant women. For this study 
catheterized urine was used, since voided 
urine is always contaminated with cervical, 
vaginal, and vulval cells. The pure cathe- 
terized urine contains normally a relatively 
small number of exfoliated cells, most of 
which are of the transitional type. The 
variety of cell types is limited. Leucocytes 
are, as a rule, scanty, e.xcept in cases of bac- 
terial or parasitic infections of the urinarj'^ 
tract, which are much less frequent than those 
of the vagina and the cervix. Histiocytes are 
also relatively rare. 

In the pregnancy urine, there is an apparent 
increase in the total number of desquamated 
cells. The cells appear singly or in clusters. 
Some of these acquire a characteristic form 
closely resembling that of the navicular cells 
found in the vaginal smear of pregnancy 
(Fig. 1). Here again, under the effect of 
the hormonal factors of pregnane}', the 
cytology of the urine sediment smear acquires 
a great similarity with that of the vaginal 
smear. Many of the cells show pronounced 
vacuolation and a displacement of the nucleus 
toward the periphery or one of the poles of 
the cell. The presence of glycogen within 


the vacuoles may be demonstrated by special 
staining. There is, thus, evidence of an 
increased production of glycogen during ges- 
tation in the epithelium of the bladder, par- 
allel to that of the epithelium of the cervix 
and the vagina. Leucocytes are, as a rule, 
inconspicuous. In general, the urine sedi- 
ment smear shows a simpler and more uniform 
cytology than the vaginal smear and is much 
less contaminated with bacteria, leucocytes, 
and histiocytes. 

Thus far, approximately 350 specimens of 
catheterized urine of women have been exam- 
ined. Of these, 38 were from pregnant 
women. Cytologic changes characteristic of 
pregnancy were found in all specimens of this 
latter group. The earliest specimen e.xamined 
was of a gestation of 14 weeks and the latest 
of seven months. A study of earlier as well 
as of more advanced cases is now in progress. 
Also, of abnormal conditions resulting from 
pregnancy, such as abortions, ectopics, hydat- 
idiform moles, chorio-epitheliomas, etc. 

The technic used in these studies is similar 
to the one used in cancer diagnosis. Cathe- 
terized urine, varying in quantity from 25 to 
100 cc is mixed immediately with equal parts 
of 95% ethyl or with isoprop}'! alcohol and 
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centrifuged without much delay for 30 min- 
utes at medium speed. The sediment is spread 
evenly on a number of slides which have 
been thinly coated with Mayer’s albumen. 
The smears thus prepared are allowed to 
stand only for a short time until they begin 
to show dryness around the edge and then 
they are immersed in a solution of equal parts 
of 95% alcohol and ether. 

After a fixation of at least 15 minutes the 
slides are carried through 80%, 70%, and 
50% alcohols to distilled water. 

The staining is as follows: 

Harris Hematoxylin (which has been pre- 
pared without acetic acid, and diluted with 
an equal amount of distilled water) for 6 
minutes. 

Rinse in distilled water. 

t EAflo is ttie same as EA3G witli the differcnco 
tliat the Liglit Green is onc-lialf streiigtli (0.25% 
instead of 0.5%). It lias the advantage of giving a 
lighter and more transparent staining wliich is 
very desirable in cancer diagnosis. The diftcren- 
tiation between acidophilic and basopliitic cells 
is better with the EA3C (or EA.50). This differen- 
tiation is more important in vaginal, cndoccrvical, 
and endometrial smears. Therefore, EA3C (or 
EAnO) is preferable for vaginal, endocervieal, and 
endometrial smears, whereas EAG5 is better 
adapted to other types of smears. Either one of 
these two stains can be used for all types of 
smears. 


Dip in 0.5% HCl (aqueous solution) 6 
times. 

Place in running tap water for 6 minutes. 

Rinse in distilled water, 50%, 70%, 80%, 
and 95% alcohols. 

Stain in OG6 for minutes. 

Rinse in 95% alcohol, 2 changes. 

Stain in EA65f (procedure No. 267) for 
V/i minutes or in EASb" (procedure No. 
268). 

Rinse in 95% alcohol (3 changes) ; abso- 
lute alcohol and xylol, equal amounts; .xylol; 
mount with a coverslip. 

Be sure that smears arc never allowed to 
dry at any time. 

Summary. Pregnancy causes distinct 
morphologic changes in the epithelium of the 
urinary tract which are reflected in the cytol- 
ogy of the “urine sediment smear.” There is 
an appearance of certain characteristic cell 
forms such as cells of the “navicular” type 
corresponding to those described in the vag- 
inal smear of pregnancy. The urine sediment 
smear provides, thus, a simple, rapid and 
dependable method for diagnosing pregnancy. 
It appears to be superior to the vaginal smear 
in that its cytology shows greater uniformity 
and is more distinctive. Its practical value as 
a routine diagnostic procedure and its appli- 
cability in the early diagnosis of pregnancy 
are still to be determined. 

V P.ijmnicotaou, G. N., Science, 1942, 1)5, 438. 
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Streptomycin as an Essential Nutrilite. 

Geoffrey R/\ke. 

From the Squihh Iji.ililiilc for itcdical Fcscarch, Xnc TJrHn.viviVb, X.,T. 


In consideration of the mode of action of 
streptomycin one of the possibilities explored 
has been that of its functioning as a metabo- 
lite antagonist. Little evidence of this has 
been forthcoming, however, and it was there- 
fore with interest that one read the report 
of ^filler and Bohnhoff' on their so-called 
B variant meningococcus. This variant 
(mutant) resembled the A variant (mutant) 


in that both were resistant to, or developed 
in high concentrations of, streptomycin. The 
B mutant differed from the A in that it 
required streptomycin for multiplication either 
in vitro, or in vivo in the mouse, while the 
mutant did not. The B mutant never 


1 Miller, C. P., .in(l BobnliofT, M., Science 1947 
10.5, G20. ’ ' 
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emerged in the presence of streptomycin con- 
centrations less than 40 y/ml, but once se- 
cured, its growth was promoted by Sy/ml 
but not less. Rare back-mutation to non- 
streptomycin-requiring forms occurred. A 
recent paper by Kushnick, Randles, Gray and 
Birkeland deals with variants (mutants) of 
E. coU, P. aeruginosa and B. subtilis requiring 
streptomycin.' All mutants showed this 
growth stimulation when glucose was present 
in the medium. In the case of P. aeruginosa 
sodium formate could replace the glucose. 
The case of B. subtilis was unusual in that the 
streptomycin-requiring mutants grew only 
under anaerobic conditions. Many papers 
in the literature^'* demonstrate that the anti- 
bacterial action of streptomycin is greath'^ 
reduced by anaerobic conditions. 

It has been possible to confirm the findings 
of Miller and Bohnhoff as regards strepto- 
mycin-requiring mutants of meningococci. 
These authors obtained such variants from 
16 of 18 strains tested. They do not mention 
type distribution. In our case the mutants 
developed with a Type II (No. 763) and a 
Type Il-a strain (No. 1054) but not, in 
limited tests, with a Type I strain (No. 
1168).* The medium we have used is a beef 
heart, glucose agar containing 4% fresh 
citrated rabbit blood^ on which the meningo- 
coccus grows readily. On such medium 2 
colony forms have appeared similar to those 
described by Miller and Bohnhoff, but such 
difference in colony morphology has not been 
associated in our hands with as sharp differ- 
entiation as they found into colonies resistant 
to streptom 3 Tin but not requiring it as con- 
trasted to colonies both resistant to and 
requiring the antibiotic. Furthermore, our 
mutant strains showed much less stability 
than that indicated by Miller and Bohnhoff 

e KusIinilkTr^, Bandies,' C. I., C. T., and 

BirkeLand, .T. M., Science, 1947, 106, 387. 

SDonoviek, B., and Bake, G., Proc. Soc. Exp. 
BlOh. AND Med., 1946, 61, 224. 

4 Bondi, A., Deitz, C. C., and Spaulding, E. H., 
Science, 1946, 103, 399. 

* My tlinnks are due to Dr. Sara E. Braiilmm or 
the National Institute of Health, Bethesda, Md., 
for these strains. 

5 Bake, G., J. Exp. Mcii., 1934, o9, 553. 
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TABLE ir. 


Optimal Concentrations of Streptoniyeln for E. fO?i Mutants. 


Strain 56, Gth passage 

Strain 57, 13tli passage 

r 

streptomycin pool III 
Concentration/ ml 

Growtii on 
plate 

Streptomycin 

Concenfration/ml 

GrowtU on 
plate 

20 u 

-h 

5 u 

0 

40 u 


10 u 

3 colonies 

80 u 


20 u 

-k 

100 u 


40 u 

4 colonics 

320 u 

0 

SO u 

0 


and apparent back-mutation was too frequent 
to allow these strains to be used readily as a 
tool for further study. It may be that such 
unsatisfactory behavior is due, in part at 
least, to the fact that colonies for transfer 
were, after the first few transfers, selected 
from plates containing high concentrations of 
streptomycin (800 units/ml or greater). 

At the same time that the work with menin- 
gococci was started we began investigation 
of 4 strains of E. colt of our own isolation. In 
limited tests one strain (H36) did not produce 
streptomycin-requiring mutants on beef heart 
agar’’ (without rabbit blood), or on a fluid 
medium of the same beef heart infusion with- 
out the agar. The other 3 did. In the case 
of one strain. Dll, there was still a marked 
tendency to back-mutation although it was 
less than in the case of the meningococcus 
mutants. This strain was maintained mostly 
by transfer from colonies growing at the 
higher concentrations of streptomycin (3,200 
units 'ml or greater). Both large and small 
colony types occurred but again there was 
no correlation of any such morphological ap- 
pearance with a demand or no (or strepto- 
mycin as an essential metabolite. 

In the case of the two other strains of 
E. coU, D56 and D57, the later transfers in 
particular were made from colonies growing 
on agar with lower concentrations of strepto- 
mycin. As can be seen in Table I back- 
mutation became less frequent and the cor- 
relation of small colony with necessity for 
streptomycin was fairly good. The strains 
tended towards stability. 

It is thus apparent that selection of the 
streptomycin-requiring mutants in pure form 
occurs more readil\- by colony picking from 
plates of lower, rather than of higher, concen- 


trations of streptomycin. The exact reason 
for this is not clear but probably these 
mutants, though relatively resistant to strep- 
tom 3 'cin, are not as resistant as the mutants 
which, while growing in concentrations of 
streptomycin as high as 100,000 uhits/ml® 
and possibly metabolizing the antibiotic, do 
do not find it essential for their multiplication. 
Single cell isolation would be necessarj' for 
certaintj'^ on this point; its probability is 
borne out by the fact that the streptomycin- 
requiring mutants, when plated out on 
increasing concentrations of commercial strep- 
tomj'cin, or streptomr’cin A, showed an opti- 
mum which for the E. coli strains was around 
20 to 80 units/ml (Table II). However, 
resistant forms could readily be selected which 
grew in much higher concentrations of strep- 
tomycin (5,000 units/ml or greater). These, 
which grow freely in absence of streptomycin, 
show limitation of growth at higher, but not 
at lower, concentrations of the antibiotic. 

All the above work has been carried out on 
comple.x media. It was decided to attempt to 
adapt the mutants to a synthetic medium. 
After trial of several, that described by Cohen" 
was finalh' adopted. For our purposes the 
pH was adjusted to 7.3 with XaOH before 
sterilization and a final pH of 7.0 was thus 
achieved. The medium was used mosth' as 
a broth but also as an agar. Streptom\xin- 
requiring mutants were obtained from both 
D56 and D57 strains of E. coli on such media. 
For most of the subsequent work D57 mutant 
(D57 m), carried in the fluid medium, has 
been used. As long as the broth cultures are 
not held under conditions allowing multipli- 

o L:i])c>U“i, D.. Diinovick. It.. :m(l It;il:c‘. G.. Bnoc. 
Sor. Exp. Biol, .ini, Mi;n., Oi , 2i50. 

Ifolicii. .s. -S.. . 7 . Iliol. CItem.. 1047. lOS. .TH, 
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emerged in the presence of streptomycin con- 
centrations less than 40 y/ml, but once se- 
cured, its growth was promoted by 5y/ml 
but not less. Rare back-mutation to non- 
streptomycin-requiring forms occurred. A 
recent paper by Kushnick, Randles, Gray and 
Birkeland deals with variants (mutants) of 
E. colt, P. aeruginosa and B. snblilh requiring 
streptomycin.- All mutants showed this 
growth stimulation when glucose was present 
in the medium. In the case of R. aeruginosa 
sodium formate could replace the glucose. 
The case of B. subtilis was unusual in that the 
streptomycin-requiring mutants grew only 
under anaerobic conditions. Many papers 
in the literature^’^ demonstrate that the anti- 
bacterial action of streptom 3 'cin is greatly 
reduced by anaerobic conditions. 

It has been possible to confirm the findings 
of ]\liller and Bohnhoff as regards strepto- 
mycin-requiring mutants of meningococci. 
These authors obtained such variants from 
16 of 18 strains tested. They do not mention 
type distribution. In our case the mutants 
developed with a Type 11 (No. 763) and a 
Type Il-a strain (No. 1054) but not, in 
limited tests, with a Type I strain (No. 
1168).* The medium we have used is a beef 
heart, glucose agar containing 4% fresh 
citrated rabbit blood'’’ on which the meningo- 
coccus grows readil)’. On such medium 2 
colony forms have appeared similar to those 
described by lililler and Bohnhoff, but such 
difference in colony morphology has not been 
associated in our hands with as sharp differ- 
entiation as they found into colonies resistant 
to streptomycin but not requiring it as con- 
trasted to colonies both resistant to and 
requiring the antibiotic. Furthermore, our 
mutant strains showed much less stability 
than that indicated by Miller and Bohnhoff 

~e^slmiek, T., Bandies, C. I., Gr.a.v, C. T., and 
Birkeland, J. M., Science, 1947, 100, 587. 

3 Donovick, H., and Bake, G., Pboc. Soc. Exp. 
Biot. AND Med., 1946, Cl, 224. 

•i Bondi, A., Deitz, C. C., and Spaulding, E. H., 
Science, 194G, 103, 399. 

My flianks are due to Br. Sara E. Branliam of 
the National Institute of Hc.alth, Bethesda, Md., 
for these strains. 

r>Bake, G., J. Sxp. Med., 1934, 59, oa3. 
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TABLE IV. 


Rclntion of Stimulatory and Antibacterial Activity of Different Active Substances. 



Stimulatory actb-ity on DoT^j 
JJ. coli 

Antibacterial activity on D57 
E. coU 

Streptomycin pool III 

1.0 

1.0 

Streptomycin A 

1.4 

1.9 

Diliydrostreptoinycin A 

1.4 

2.1 

Streptobiosamine HCI 

O.OG 

0.07 

H-Aectyl streptomycin A 

0.18 


Streptomycin B 

0.7 

0.54 


"water e.xtract,” containing 3.9% inositol, 
from Dr. H. E. Carter (see footnote to Table 
III) were inactive, but a brain lipositol labeled 
“ether extract,” containing 6.3% inositol, 
from Dr. H. E. Carter was slightlj^ acth'c 
at 20 y to 160 y but not in lower concen- 
tration. 

The relative growth promoting capacities 
on mutant D57 m of the substances labeled 
active in Table III are shown in Table IV. 
These activities have been referred to that 
of the streptomycin pool III as unity and are 
to be regarded as only approximate since the 
dilutions tested varied from each other by 
2-fold. .“Mso shown are the antibacterial 
activities of these same substances on the 
parent strain D57 again referred to the activ- 
ity of pool III as unity. These values are 
accurate to within ±5%. 

It will be noted that the relative values of 
the growth stimulatory activity agree remark- 
ably well with the antibacterial values of the 
same substances on the parent strain. The 
activity of the X-acetyl streptomycin A cor- 
responds to the 15% of streptomycin A which 
this sample was known to contain. In the 
case of the sample of streptobiosamine HCI 
it is not certain whether the activities found 
are due to a residuum (3.5%) of strepto- 
mycin A or whether the compound itself has 


activity. This is being investigated further. 
It is of interest that the relative activities of 
streptomycin B show such good agreement. 
This would suggest that the same factors maj^ 
act to decrease the stimulatory activity of 
streptomycin B relative to A as act to de- 
crease its antibacterial activity on the parent 
culture. One can perhaps visualize the extra 
mannose moiety as interfering with the activ- 
ities of the rest of the molecule. 

Summary. Streptomycin-requiring mutants 
were obtained from 2 of 3 strains of menin- 
gococci and 3 of 4 strains of E. colt. In the 
case of 2 E. coli strains such mutants grew 
readily on a synthetic medium in the presence 
of streptomycin. Such mutants appear more 
stable when isolated from low rather than 
from high streptomycin concentrations. In 
the case of the E. coli mutants, they exhibit 
optimal growth at concentrations from 20 to 
80 iinits/ml of a commercial streptomycin or 
of pure streptomycin A. Growth of the 
mutants can be promoted by pure prepara- 
tions of streptom 3 Tin dihydrostreptom\’cin 
.A, and streptomycin B and the relative stimu- 
latory activities of these compounds for the 
mutant agrees closely with the relative anti- 
bacterial activities against the parent strain. 

lly tlisniks :no due to Mr. .Tolin 0.sk;iy for tech- 
iiieul nssistmieo in c.’irryiiif; out these c.xperiments. 
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TABLE III. 

Siibstanccs* Active ns Essentia] Metaliolites for E. coli Mutant B 

j Inaetive 

D-glucosaniine HCI 
SfrcpfotJine suifateH 
Pneumococcus pol.vsnccliaridesii 
K. pncumonicte noi.vsncctiai'i'dcsr 
Sti-eptaniiiiei i diliydroclilorule 
L-( + )-Arnbinosc 
X mctliyl-L-glucosamiiiie acid >2 

^ My tlianks are duo to l)r. Oskar IVintersteiner and Dr. Josef Fried of tlie Division of Organic 
Clieniistry, Tlie Squibb Institute for Medicai Researe.'i, for a)l t)ie streptomrein and derivative samples; 
to Dr. H. E. Carter, Department of Clicmisfry. University of Illinois, and Ur. D. W. Woolle.v, The 
Rockefeller l 2 istitute for Medical Rescai'el), for samples of ]i;ros'tol; to Dr. J. IT. Paljnei’, Biological 
Laboratories, E. R. Squibb and Sons, for tbe jml.vsa ecliaiides of the pneumococcus types and It. ;me»- 
mouiuc type B; and to Dr. if. Heidelbeiger, Department of Medicine, Columbia Universit.!', for tbe poly- 
saeeliarides of It. pneumoniae types A and C. 

t Contains 15% streptomycin A. 

t Activity probabh’ due to residual streptomycin A (see text). 

§ Some preparations sliotved slight activitv (see te.xt). 

li Types 1, 2, 3, 4, 5, (i, 7, 8, 9, 12, 14, IS, 19. 

U Types A, B, and C. 


Active 

Streptomycin A 
Strcptom.rcin B 
Dilij-drostreptomyein A 
br-Acety] streptomycin A i,l> 
Streptobiosamine HCI },l'> 
Lipositolji 


cation to occur for ionger than 72 hours back- 
mutation has been rare and growth has rarely 
appeared in the control (streptomycin-free) 
medium within this time. When cultures 
are held for longer periods, mutants not re- 
quiring the antibiotic gradually emerge. For 
all of the routine passage and selection of 
mutants, in this work with the synthetic me- 
dium, a streptomycin pool designated III has 
been used. This has the following character- 
istics: streptomycin A 65%, streptomycin B 
30%, other maltol producing material 5%, 
total streptomycin 64%, inert material 33%, 
minimal inhibiting concentration (hl.I.C.) for 
K. pneumoniae (in the standard biological 
assay)® 0.103 y/ml, M. I, C. inhibiting E. coli 
(D57 parent strain) 0.155 y, K. pneumoniae/ 

SDoiiovick, R., Hamre, D., Kavaiiagli, P., and 
Rake, G., J. Bact.j 1945, 50, 623. 

» Fried, J., and Stavely, H. E., to be published. 

10 Kuelil, F. A., Jr., Flynn, E. H., Brink, X. G., 
.and Folkcrs, K., J. Am. Chem. Soe., 1940, 08, 2090; 
Fried, J., Walz, D. E., and Wintersteiner, O., 
J. Am. Chem. Soc., 19iS, 08, 2740. 

11 Carter, H. E., et at.. Science, 1946, 103, 53; 
Fried, J., Boyack, J. A., and ITintersteiner, O., 
J. SioJ. Chem., 1946, 162, 391; Peck, R. L., ct al., 
J. Am. Chem. Soc., 1946, 08, 29, 776. 

12 ICuelil, F. A., Jr., Flynn, E. H., Holl.r, F. IV., 
Mozingo, R., and Folkcrs, K., J. Am. Chem. Soc., 
1946, 68, 536; Wolfrom, M. L., Thompson, A., and 
Hooper, R. I., J. Am. Chem. Soc., 1940, 68, 2343. 


E. coli ratio 0.67, streptonwein potenci' 354 
units/mg. 

Using this strain DS7ji the capacity of 
many different substances to replace the strep- 
tomycin pool III in the medium as essential 
metabolite has been investigated. The results 
are shown, in summary, in Table III. 

One notes that streptidine and streptamine 
are inactive. .<\lso inactive are the poli'sac- 
charide fractions of pneumococci and K. pneu- 
moniae. The latter inactiviti’’ is particularly 
to be noted. \Ye also received and tested 3 
samples of polysaccharides of il/. tuberculosis 
strain H37 kindly supplied by Dr. M. Heidel- 
berger of the Department of iMedicine, Colum- 
bia University. These represent the high 
rotating (fraction C), low rotating (fraction 
B 2 .,) and serologically inert (fraction B 2 C) 
fractions described elsewhere.'^ .All were 
negative. 

As far as the active substances are con- 
cerned it is to be noted that lipositol showed 
verj' little activity and that such activity as 
was obtained was not found noth every sample. 
Thus a sample from soybean provided by Dr. 
D. AV. M^oolley (see footnote to Table III) 
was slightly active at 20 7 and 40 y per ml 
but not in lower or higher concentration. A 
soybean lipositol and a brain lipositol labeled 

13 Hoidelhcrger, M., Jiiid Mcnzcl, A. E. O., 

J. Biol. Chem.. 1937, 118, 79. 
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and included in any study of an outbreak of 
a vesicular disease of cattle or swine. 

The methods used are still under investi- 
gation in a stud\' of the complement-fixation 
reaction in foot-and-mouth disease. Refine- 
ment of technic, however, should lead only to 
greater delicac}* in the detection of immuno- 
logical differences, a goal greath' desired in 
respect of foot-and-mouth disease and perhaps 
not without significance for vesicular stom- 
atitis. 

Methods. Some details of the strains of 
virus used are given since other e.xperiments 
with the same strains have been published by 
•American workers. 

Vesicular Stomatitis (V.S.) t\'pe Indiana 
Strain USCB, received from Dr. Schoening 
of the U. S. Bureau of .Animal Industry in 
1944. It was derived from bovine material 
from an outbreak in Colorado. It is believed 
that this strain is identical with that described 
by Shahan, Frank, and Mott® as Ind C. It 
has been maintained at this Institute by serial 
passage in cattle, and the material used in the 
e.xperiments below was of the Sth passage. 
Epithelium was collected from the tongue of 
an infected steer on 10th June, 1947, cut up, 
and dried over sulphuric acid and, later, 
P-O.-,. It was stored in sealed ampoules 
at 4'C. 

V.S. type Xew Jersey Strain USKP, re- 
ceived as above, and derived from an out- 
break in Kansas City, Mo. Later described 
by the workers cited above as XJAI. Two 
batches of material were used, one of the 3rd 
passage stored frozen at -20°C from 25th 
May. 1947, and the other from the Sth 
passage, dried and stored as the Indiana Upe 
material. Guinea pig material of the two 
type strains was also included, in each case 
as the I3th serial passage of these strains in 
guinea pigs, stored as frozen guinea pig pads 
at -20 C. 

Fnot-aud-Mouth Disease (F. & tsl.) type 
Vallec "O" Strain ASJ, an .Argentine strain 
of bovine origin. P.assaged in cattle at Pir- 
bright from 1944 till 10 April, 1946. Bo%-ine 
tongue epithelium was collected and stored 

Sli;iIi:oi. M, S., Trank. .\. H.. ami Mott. L. O.. 
/or. vii. 


in 50/50 glycerine and M/25 phosphate buffer 
at pH 7.6. 

F. & AI. t\pe Vallee “.A” Strain 119, a 
bovine strain, originating from an outbreak 
in Great Britain in 1932, and since given 68 
serial passages in cattle. Alaterial collected 
and stored as for “0” type, from 14th Octo- 
ber, 1947. 

F. & AI. type Waldmann “C" Strain 149. 
.Also a bovine field strain, recovered in Great 
Britain in 1934, and since given 33 serial 
passages at this Institute. Epithelium was 
collected on 10th Xovember, 1947, and stored 
frozen. 

Three strains of foot-and-mouth disease, 
passaged in guinea pigs, were also included in 
the work. They were; Strain 1, “O” type, 
passaged at Pirbright since 1924, Strain GB, 
“.A’‘ type passaged since 1929, and Strain GC, 
“C" type, passaged since 1933. 

For use in the complement-fi.xation test, 
an approximately 1/10 suspension (calcu- 
lated on wet weight) was prepared, in 0.9% 
XaCI for V.S. and in AI/25 phosphate buffer 
for F. & AI. The suspensions were prepared 
from 4-18 hours before use. and then centri- 
fuged at 2,000 r.p.m. for 10 minutes immedi- 
atel}' before test. The specific sera were all 
obtained from guinea pigs which had passed 
through the disease. In the case of V.S. the 
infecting strains were those described above, 
while for F. & AI. the strains used were the 
stock guinea pig strains used in this Institute. 
The guinea pigs used for V.S. (Indiana) 
serum had received a subsequent intramus- 
cular inoculation of virus before use as serum 
donors and those for F. & AI. (0, .A, and C) 
serum, a course of 4 inoculations by the same 
route. The F. & AI. sera were lyophilized, 
but the V.S. sera were stored as fluid sera 
at 4=C. The complement was a stock lyophil- 
ized pinea pig serum prepared in batches for 
use in routine complement-fixation tests in 
F. & AI. The hemolytic system was obtained 
from a reputable supplier of biological 
products. 

Details of the test methods will be pub- 
lished in full when the data on F. & AI. are 
presented. Briefly, the procedure is to carry 
out an abbreviated titration of complement 
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Vesicular Stomatitis and Foot-and-Mouth Disease Differentiation by 
Complement-Fixation. 

J. B. Brooksby. (Introduced by R. E. Shope.) 

From the Research Institute of the Foot-aml-2Iotith Disease Dcscarch Committee. Pirbn;,ht, 

Surrey, Engtand. 


_ It is generally admitted that the differen- 
tial diagnosis of vesicular stomatitis and foot- 
and-mouth disease on clinical grounds alone 
is virtually impossible. Methods of differen- 
tiating between the two diseases which have 
been suggested include: (a) determination 
of the particle size of the infective agent 
(Gallowa}^ and Elford^); (b) determination 
of infectivity for the developing egg by the 
chorioallantoic route (Burnet and Galloway, - 
Galloway and Elford^) ; (c) study of the pH 
stabilitr' range of the infective agent (Pyl and 
Klenk,'* Pyl,^ Reppin, and P}'!®) ; (d) tests 
of susceptibilitj'^ of several species of animal 
(e.g., horses, cattle, swine, sheep, guinea pigs) 
by a variety of routes; (e) cross-immunity 
tests in e.xperimental animals (Wagener)." 

In addition may be included epidemiolog- 
ical criteria, such as spreading power and 
degree of generalization of the disease in 
infected animals. These are of little use in 
countries such as the United States of America 
and Great Britain, where the first object of 
policy is to limit the possible spread of the 
infective r'csicular diseases of animals by the 
slaughter of infected stock, and destruction of 
all material likel3r to harbour the viruses. 

All the methods listed above depend, in 
the last analysis, on the susceptibility of the 
test animals, and the virulence of the material 

1 G.allow.ay, I. A., and Elford, W. J., Drit. J. 
Exp. Path., 1933, 14, 400. 

e Burnet, F. M., and Gallorvay, I. A., Drit. J. 
Exp. Path., 1934, 15, 105. 

3 Galloway, I. A., and Elford, IV. J., Erit. J. 
Exp. Path., 1935, 1C, 58S. 

■s Pyl, G.. and Klenk, L., 2b!. Baht. Abt., 1933, 

1, Orig, 128, 161. 

a Pyl, 6., Hoppe-Scyter’s 2., 1934, 22G, IS. 

cjteppin, IC., and P.vl, G.. Arch. uiss. praht. 
Ticrhll-., 1934, CS, 183. 

” Wagoner, Iv., Arch, ii'iss. praht. Ticrhlh., 1933, 

C6, 173, 301, 303. 


used. It is therefore doubtful if too great 
reliance can be placed on an}? one method. 
For e.xample, if, in a test of species suscepti- 
bility, one or two horses do .not react to 
inoculation with an unknown virus, which 
has however infected a similar number of 
cattle and swine, a diagnosis of foot-and- 
mouth disease cannot be given with confidence. 
Similarly^, the criterion tentatively adduced 
by Shahan, Frank, and Mott,® depending on 
the intramuscular inoculation of cattle, has 
already been found b}r the same workers to 
be unreliable, in that an animal inoculated 
with the virus of vesicular stomatitis has 
reacted, while observations at this Institute 
wdth some strains of the virus of foot-and- 
mouth disease show that the result of intra- 
muscular inoculation of foot-and-mouth dis- 
ease virus is not alwa3^s regular. 

In these circumstances, any data which can 
be gathered rapidh^, on an infective agent 
causing vesicular lesions in cattle and swine, 
are of great value. The virtues of an in vitro 
test, in respect of speed as much as of econ- 
omy, are especiaiiy attractive. These are 
the considerations which have stimulated pub- 
lication of the present paper. Of necessity, 
since the w'ork has been done in a country 
where the virus of vesicular stomatitis has not 
so far been identified in the field, the observa- 
tions are based on strains which have been 
passaged in the laboratorj'; but the well- 
defined results obtained — better than those 
usually encountered under comparable con- 
ditions with the virus of foot-and-mouth dis- 
ease — ^suggest that the method could be of 
great value n-ith material from field outbreaks. 
The results presented below support the view 
that complement-fixation should be added to 
the fist of methods of differential diagnosis, 

» Shalmii, it. S., Frank, A. 11., nitd Mott. L. O., 

.7. Am. Pet. .Med. A.s.oi., 1946, 108, 5. 
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i ( \ f f . fy V c. yr 1 1 r* ' f w «-v i. . <x ->i, 

-r ! A .11. , -Nil = Ao antiserum (antificn contrni) 


Coniplonicnt 
inilic.ateil tlms: 


tained from guinea pigs convalescent from 
the disease, whereas the Indiana anti-serum 
came from guinea pigs which had had an 
additional inoculation with virus, by the intra- 
muscular route. That the difference between 
the results was dependent on the sera was 
suggested by an e.xperiment where guinea pig 


and bovine virus of the two t\-pes were tested 
against the same two sera. The results here 
showed that the degree of fixation recorded 
with each serum ran parallel in the presence 
of the different antigens. 

The F. & M. Upe-immune sera were all 
from guinea pigs which had been hyper- 
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m ... TABLET. 

Type-specific Fi.vation_of_Coniplement in Vesicular Stomatitis and Foot-and-iToiitli Dise.ise. 


Antiserum 


Antigen 

Type 

Vesicular stomatitis 

Indiana Kew Jerse}’ 

Foot-and-raoutli disease 

/ \ 

^^0’’ 

■A 

Nil 

Vesicular stomatitis 

1 Indiana 

1.44 

.23 

.24 

.22 

.24 

.14 


) New .Icrsey 

.21 

.74 

.30 

.32 

.30 

.17 


("0” 

.15 

.17 

.37 

.19 

.23 

.18 

Eoot-and-niouth disease 

■{ “A” 

.18 

.20 

.23 

■ .39' 

.24 

.21 


1 “C” 

.17 

. .19 

.21 

.20 

.44 

.10 

Jv'il 

— 

.20 

.IG 

.27 

.20 

.26 

. .21 


^.B. Tlic figure in each case represents the amount of complement, as ml of 1/25 guinea pig serum, 
necessary for 50% hemolysis. 


in the presence of the various reagents, com- 
bined, and with suitable controls. The doses 
of complement are arranged in a logarithmic 
series, and the end-point used is 50% hemol- 
ysis, calculated from the readings obtained 
with the centrifugalized tests on a photo- 
electric absorptiometer (“Spekker” by Hilger, 
London). The amounts of the various re- 
agents used are (1) virus, 0.2 ml of 1/10 
suspension; (2) serum, 0.4 ml of 1/8 dilution 
in 0.9% NaCl; (3) complement, 1 ml of a 
dilution of guinea pig serum in 0.9% NaCl, 
calculated to give the appropriate dose of a 
series, e.g., 0.2, 0.3, 0.45, 0.67, and 1.0 ml 
of a 1/25 dilution. Where a reagent is 
omitted, the volume is made up with 0.9% 
NaCl. 

Fixation of complement is allowed to take 
place in a water bath at 37°C for 30 minutes. 
The hemolytic system is then added (0.5 ml 
of 3.3% cells with hemolytic included) and 
incubation continued for a further 30 min- 
utes. The tubes are then removed from the 
water bath, and centrifuged at 1,500 r.p.m. 
for 10 minutes. Readings are made directly 
on the tubes, held in a special mount. From 
these readings, the per cent hemolysis for 
each tube is obtained from a graph, and hence, 
the amount of complement for the 50% 
hemolysis end-point is calculated. 

Alternatively, the results may be presented 
graphically, plotting the per cent hemolysis 
against the log. dose of complement. Titra- 
tion of complement alone and in the presence 
of virus and specific sera gives a sigmoid curve 
in such graphs, and as it is more convenient 


to deal with straight lines, the transformation 
evolved by Gaddum'® and Bliss^^ is used. 
The values for per cent hemotysis are con- 
verted to probit values, using the tables of 
Fisher and Yates,'- and these values are 
plotted against the log dose of complement. 
The probit value 5.0 corresponds to 50% 
hemolysis and the end-points are easily ob- 
tained from these graphs. 

Results. Type specific complement-fixation 
has been obtained using virus from cattle or 
guinea pigs in foot-and-mouth disease and 
from both these sources and also from infected 
eggs in vesicular stomatitis. Since the results 
are substantially the same with different anti- 
gens, the results of a representative test in 
which virus of bovine origin was employed is 
shown in Table I, and, graphically in Fig. 1. 
The fixation of complement by the homologous 
virus-serum mixture is demonstrated b}' the 
increased amount of complement necessary 
for 50% hemolysis. In the figure, this is 
shown by the shift to the right of the appro- 
priate graph. 

The result with V.S. Indiana virus is par- 
ticularlj' clear-cut. The degree of fixation 
e.xceeds by trvo- or three-fold that hitherto 
encountered in F. & M. disease, under opti- 
mum conditions. The poorer fi.vation wiUi 
V.S. New Jersey virus may be e.xplained by 
the fact that the homologous serum was ob- 

10 Gaddum, .1. H., JCo. 1S3, .Spec. Rep. Scr., Med. 
Res. Conn., H. M. .St.sfionerT Office, London, 1933. 

11 Bliss, C. I., Ann. Appl. Biol., 1935, S2, 1.S4. 

12 Fislicr. R. A., .niid Yates, F., Slnilslicnl Tallies, 
2nd edit., FdinbniTjIj, Oliver & B.nyd, 194.3. 
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Skeletal Growth in PjTidoxine Deficient Mice.* 

Ruth Silberberg and Bar>-et M. Le\y. 

From the Snodgras Icborofory, Hospital, the Barnard Free Sl in and Cancer Bospitoh and 
the Department of Oral Fathologij, ~cshington Vnirereitg, School of Dentistry, St. Louis, Ho. 


The present investigation deals witn the 
histological changes in the long bones asso- 
ciated rrith the arrest of skeletal grorvth "in 
pjTidoxine deficient mice. 

material and Methods. Twenty-eight male 
and female mice of strain C57 black. 23 davs 
old, were used. Fourteen animals' were ' 
placed on a syn»hfc‘ic diet complete except 
for the lack of • xine (Group I). Four- 
teen animah jced on a synthetic diet 

• Aided bv .t prant of the Committee on Seic-r.- 
tiSe Rcfearcb of t’-.c .tir.erionn Medic.a! Assoeiation 
and the V. S. Public Health Scrrice, 


complete e.xcept for pyridoxine but contain- 
ing 54^ casein (Group 11). Animals of 
corresponding strain and age, fed a stock diet 
(Purina Laboratory Chow), used in prenous 
experiments ser%-ed as normal controls. The 
ra<i"is were composed as follows: 


.Sucrose 

Vit. test casein 
Vec. tnble oil 
U.S.P. sal: mi’:. Xo. 12 


Group I 


.F.'idoxinc 
■ . f tee) 

CS P./ 

IS ” 


10 

■i 


Group II 
(Pvridoxine 

free, high 
protein, low 
.sucrose) 

■ 30 p 
Si ” 

10 

JL y- 


258 


Foot-and-Mouxh Disease Differentiation 


immunized, and yet the difference in the 
amount of complement necessary for 50% 
hemolysis, in the presence of homologous as 
compared with heterologous serum and virus, 
is only about two-fold. The quantitative dif- 
ference between V.S. and F. & M. in respect 
of the complement fixing properties may be 
correlated with the behavior with neutralizing 
antibodies. Studies on neutralization of the 
virus of V.S. by its antisera show that the 
degree of neutralization recorded for t 3 'pical 
sera greatij’’ e.xceed the corresponding values 
for F. & jM. and its antisera. Thus a 1:10 
dilution of V.S. serum may neutralize 10’’ 
I.D .30 of virus (Skinner^®) while no similar 
dilution of F. & M. serum has yet been found 
to neutralize as much as 10^ I.D..';o- 

Discussion. It must be emphasized that 
the results recorded were obtained rruth ma- 
terial of only 2 strains of the virus of vesicular 
stomatitis. Confirmation using other strains 
is greatly to be desired, in view of the diffi- 

13 Skimicr, H. H., iiorsonal coiumuiiicatiou, li>47. 


culties which have attended the e.vamination 
of a large proportion of strains of the virus 
of foot-and-mouth disease from field out- 
breaks. The bovine V.S. material used was 
epithelium about 4-6 months old, and 2 of 
the samples had been drie^. It is not known 
how fresh material, collected, perhaps, at a 
time when the virus was not fully active, 
would behave in the test. Nevertheless, in 
view of the clear-cut results recorded here, 
an optimistic view of the value of the test is 
probably justified, and the addition of com- 
plement fixation to the armory of tests to 
which a virus of this group can be submitted 
would seem to be well worth while. 

Summary. (1) The fixation of complement 
by vesicular stomatitis virus and its antiserum 
is described. (2) This fixation is tj-pe specific 
for the 2 strains of vesicular stomatitis virus 
of Indiana and New Jersey type' available. 
(3) There is no cross-fi.xation with any of 
the three tjqjes of the virus of foot-and-mouth 
disease. 
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immunized, and yet the difference in the 
amount of complement necessary for 50% 
hemolysis, in the presence of homologous as 
compared with heterologous serum and virus, 
is only about two-fold. The quantitative dif- 
ference between V.S. and F. & M. in respect 
of the complement fi.xing properties may be 
correlated with the behavior with neutralizing 
antibodies. Studies on neutralization of the 
virus of V.S. by its antisera show that the 
degree of neutralization recorded for t 3 q)ical 
sera greatl}'' exceed the corresponding values 
for F. & M. and its antisera. Thus a I; 10 
dilution of V.S. serum may neutralize 10^ 
I.D .,-,0 of virus (Skinner^^) while no similar 
dilution of F. & M. serum has yet been found 
to neutralize as much as 10^ I.D.jo- 

Discussion. It must be emphasized that 
the results recorded were obtained with ma- 
terial of only 2 strains of the virus of vesicular 
stomatitis. Confirmation using other strains 
is greatlj- to be desired, in view of the diffi- 

13 Skinner, E. H., personal eoinmuiiieation, 1!>47. 


culties which have attended the e.xamination 
of a large proportion of strains of the virus 
of foot-and-mouth disease from field out- 
breaks. The bovine V.S. material used was 
epithelium about 4-6 months old, and 2 of 
the samples had been drie^l. It is not known 
how fresh material, colle'cled, perhaps, at a 
time when the virus was not fully active, 
would behave in the test. Nevertheless, in 
view of the clear-cut results recorded here, 
an optimistic view of the value of the test is 
probably justified, and the addition of com- 
plement fi.vation to the armory of tests to 
which a virus of this group can be submitted 
would seem to be well worth while. 

Summary. ( 1 ) The fixation of complement 
by vesicular stomatitis virus and its antiserum 
is described. (2) This fixation is t^Tie specific 
for the 2 strains of vesicular stomatitis virus 
of Indiana and New Jersey tj^pe' available. 
(3) There is no cross-fixation with any of 
the three tj^pes of the virus of foot-and-mouth 
disease. 
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URL- rats fed a pjTidoxine deficient diet,® 
han-ies in the growth zones were com- 
de ''.0 those of underfed young guinea 
■■ kept on a quantitatively restricted but 
|Uaiely balanced diet.' To some e.xtent 
is tnie for the cartilage of mice also, 
/ever, the cartilage cells as well as the 
■oblasts responded more unfavorably to 
pjTido.xine deficiency than to general 
lerfeeding, and the formation of bone was 
re reduced than in any of our prerfous 
Deriments. This difference might indicate 

'• Antopol, tv., and Unna, K., Arch. Path., 1942, 
241. 

i .SilberbcTg, M., and Silberberg, E., Arch. Path., 
140, 30, 675, 


a specific effect of the pyridoxine deficiency, 
but it may be a manifestation of the more 
marked sensitivity of the mouse to the de- 
ficiencj' as compared to that of the rat.^-® 

Feeding a high protein diet accentuated 
the effects of pyrido.rfne deficiency' inasmuch 
as grov/th of cartilage and bone was more 
inhibited than in pyridoxine deficient mice 
receiving a diet with regular casein content. 
These findings are in agreement with previous 
obserx’ations on the greater requirements for 
pruidoxine in animals fed high protein diets. 

5 Cerecedo, I/. E., and Fov, J. E., Arch. Biochem., 
1944, 5, 207. 

6 Miller, E. C., and Baumann, C. A., J. Biol. 
Chem., 1945, 157, 551. 
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Experimental Fort Bragg Fever (Pretibial Fever) in Chimpanzees.* 

Joseph L. Melxick and John R. Paul. (Introduced by Francis G. Blake.) 
From the Section of Preventive Zledicine, Tale University School of 3Icdicine, Keie Haven. 


The chimpanzee {Pan Satyrus) has been 
used extensiveU' in experimental work on 
poliomyelitis^'® and to a lesser degree in work 
on the common cold,® but the use of this 
animal as an e.xperiraental host for the re- 
production of human infectious disease is a 
field deserving further exploration. Partic- 
ularly would this seem to apply to the virus 
field and to diseases which have readily dis- 
cernible cutaneous manifestations. IVc have 
recently made attempts to induce in these 
animals 3 human virus diseases: sandfly 
(Phlebotomus or pappataci) fever, dengue 
fever, and Fort Bragg (pretibial) fever. This 
paper will be concerned only with a descrip- 
tion of our experiments with the latter dis- 
ease. Results with the other two .'diseases 
will be described in another paper.* 


• This invcstig.ition w.-is conducted by the Cenr.- 
mission on Virus and Eictettsial Diseases, .Vru'T 
Epidcmiologic.a! Boarc OCice of the Surgeon Gen- 
eral, U. S. .trmy, Washington, D.C. 

iBodi.an, D,, .and Horrc, H. J. Bjy. Med., 
1047, 81, 25.5. 


Fort Bragg fever was first described by 
Daniels and Grennan,® under the term pre- 
tibtal jever. It is a disease characterized by 
an acute fever of approximately 5 days’ dura- 
tion, frontal and postorbital aching, spleno- 
megaly, and often with a patchy eiythema- 
tous rash on the pretibial regions.! Respira- 
tory manifestations are minimal and not per- 
sistent. Cases of this disease have appeared 
in groups during the summer months of 1942, 
1943, and 1944 on the military' reservation 
at Fort Bragg, X. C. The manner in which 
it spreads among humans has not been deter- 
mined. 

syiclnict, J. X,., and Horsimann, D. if., J. Pxp. 
Zfed., 1947, 85, 2S7. 

3 Dochez, A. E., Shibley, G. S., .and Mills, K. C., 
•E, ''P. Hcd., 1930, 52, 701. 

4 lu’ T. E. Mcdnicb, J. L., and Sabin. A B 

to 1 ' ■’ 

3X>am’el-, \ jid Grcnnan, H. A., .^.A.ZI.A 

A ^ ^ %J m 'A ^ T r* ’ 

gjj '^rds nich •! prtvalsiit 
feature tliat lillul'ir 'nd Grcnuc-i hr .'c de=ignatF''l 
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Fig. 4. 

Hieh power pliotograpli of a bony trabecula of 
the same animal as in Fig. 1. The spicule is thick 
and is covered by a continuous layer of large osteo- 
blasts. 

pared with 90 microns in mice kept on the 
deficient diet -with regular protein content. 
The cells were smaller and fewer than in the 
latter group, and the matrix was more hyali- 
nized These differences were accentuated 
after ' 8 weeks and manifested themselves 
chiefly in the absence of hypertrophic car- 
tilage cells and in even more advanced hyali- 
nization of the matrix. 

Resumption of growth after refeedmg was 
slower in the group receiving the high protein 
diet A noteworthy enlargement of the epi- 
u »,i ^tscs was not seen until after 5 days 
SS iiS Even nf.» .0 days, .be 
^ ^1 .rsa cells were still smaller than or- 
Srily although the individual cartilage ceL 
fr contained the usual number of ells 
Mitotic Ptolifera^a V, :’“J..pali^Jy 

was le5,s .. - j(j- . ^ plugs of de- 

slow rate of growth. ivlo.^oj,e ’ ^ ^ 

generated cartilye .-d Id sm,.;^^^ 

ground subsb^ice ^ere sMg fron . 

blasts wei f-her scani.^pp ^ ^ 


j'et completely regained their epithelioid 
shape. j- 

Stimmary and. Conclusions. In.'byridoxint 
deficient 3 mung mice, growth , of. .cartilage 
and formation of bone were inhibited a.;.; 
finally ceased. Upon refeeding the complete 
diet, recovery was noticeable after 3 da.vs 
and was still in progress after 14 days. The 
growth processes were quickly restored with 
mitoses present in the germinal la 3 ’er of the 
cartilage as well as in the osteoblasts. 

The effects of pyridoxine deficiency on 
cartilage resemble those seen in pantothenic 
acid deficient mice,^ whereas the disturbance 
of ossification was not unlike that obsen'e 
in riboflavin deficiency." The specificity o 
the skeletal changes may thus be questioned. 



HirIi ' power photo^.opli of 2 bony 
of .0 fc’ii.ol(3 mouse of strain CoT, 12 weeks of ag > 
Jnid fii. n. pyridosine-deficient diet for 8 C 
T)iu spiculo.s .ore thin and covered only here 
tboro by spindle-shaped cells. Osteoblasts are wi 
,5e^. ^ riic bone marrow is atropMe. Same id 3S 
mfication as No. 4. 

iLci-y, B. M., and Sil .prberg, M., Pnoc. So«- 
Exp. Biol. a\-» Med., 1940 03 380. 

SLmx B. JI., and Silberberg, E., ProC. Soc. 
Exp. Biol, and Med., 1940, 0.3, 355. 
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In your E rats fed a pjnridoxine deficient diet,® 
the changes in the growth zones were com- 
parable those of underfed young guinea 
pigs,'* Kept on a quantitatively restricted but 
Sidequa'lely balanced diet.' To some extent 
this is true for the cartilage of mice also. 
However, the cartilage cells as well as the 
osteoblasts responded more unfavorably to 
the pyridoxine deficiency than to general 
underfeeding, and the formation of bone was 
more reduced than in any of our previous 
experiments. This difference might indicate 

3 Antopol, "W., and Unna, EL, Arch. Path., 1942, 
33, 241. 

4 Silberberg, 31., and Silberberg, E., Arch. Path., 
1940, 30, 675. 


a specific efi'ect of the pyridoxine deficiency, 
but it may be a manifestation of the more 
marked sensitudty' of the mouse to' the de- 
ficiencv as compared to that of the rat.'*’*' 

Feeding a high protein diet accentuated 
the effects of pyridoxine deficiency inasmuch 
as growth of cartilage and bone was more 
inhibited than in pyridoxine deficient mice 
receiving a diet ■with regular casein content. 
These findings are in agreement with previous 
observations on the greater requirements for 
pyuridoxine in animals fed high protein diets. 

5 Cerecedo, Ij. E., and Poy, J. B., Biochem., 
1944, 5, 207. 

cilillcT, E. C., and Baumann, C. A., J. Biol. 
Chem., 1945, 157, 551. 
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Joseph L. Melkick and Johx R. Paue. (Introduced by Francis G. Blake.) 
From the Section of Preventive Medicine, Tale University School of Medicine, ^ew Saven. 


The chimpanzee {Pan Satyrns) has been 
used e.xtensively in experimental work on 
poliomyelitis*'* and to a lesser degree in work 
on the common cold,® but the use of this 
animal as an experimental host for the re- 
production of human infectious disease is a 
field deserring further e.xploration. Partic- 
ularly would this seem to apply to the virus 
field and to diseases which have readily dis- 
cernible cutaneous manifestations. We have 
recently made attempts to induce in these 
animals 3 human virus diseases: sandfly 
(Phlebotomus or pappataci) fever, dengue 
fever, and Fort Bragg (pretibial) fever. This 
paper will be concerned only with a descrip- 
tion of our experiments with the latter dis- 
ease. Results with the other two ’diseases 
will be described in another paper.'* 


* This investigntion T.sa conductea by the Cdrr;- 
missioa on Virus and Eicbettsial Dise-isos, Armr 
Epidcmiologic.nl Board Office of the Surgeon Gen- 
eral, Ij. S. .\rmy, Wnslilngto.n, E.C. ■ ' 

1 Bodian, D., and noire, H. A., J. Ejp. Med., 
1947, 81, 253. 


Fort Bragg fever was first described by 
Daniels and Grennan,® under the term pre- 
libtal fever. It is a disease characterized by 
an acute fever of approximately 5 days’ dura- 
tion, frontal and postorbital aching, spleno- 
megaly, and often with a patchy erj’thema- 
tous rash on the pretibial regions.! Respira- 
tory manifestations are minimal and not per- 
sistent. Cases of this disease have appeared 
in groups during the summer months of 1942, 
1943, and 1944 on the military reservation 
at Fort Bragg, N. C. The manner in which 
it spreads among humans has not been deter- 
mined. 


zMclniel:, J. E., and Borstin.uin, B. M., J. Fxp, 
Beet., 1947, 85, 287. 

( 3 Doebez, A. E., Sbibley, G. S., and Mills, K C 

.r./ -'p. Bed., 1930, 52, 701. ' 

•< 'lu’ ^ -r. E. Melnick, J. L., and Sabin. A. B 
to } 1 h'’ ' 


‘ iJamel', \ -cd Grennan, H, A., a 
■ 3943, 122, 3('* /'i ■ 

• -ITiic rash £. s', .s ‘f.*ds such « prevalent 
feature that Id, mar cnd Grenaai br ,e dcsigna cd 
this d’^ease a dcveloj^j fever ^ 
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Pig. 4. 

High power pliotograpli of a bony trabecula of 
the same animal as in Fig. 1. The spicule is thick 
and is covered by a continuous layer of large osteo- 
blasts. 

pared with 90 microns in mice kept on the 
deficient diet with regular protein content. 
The cells were smaller and fewer than in the 
latter group, and the matrix was more hyali- 
nized. These differences were accentuated 
after 8 weeks and manifested themselves 
chiefly in the absence of hypertrophic car- 
tilage cells and in even more advanced hyali- 
nization of the matrix. 

Resumption of growth after refeeding was 
slower in the group receiving the high protein 
diet. A noteworthy enlargement of the epi- 
physeal discs was not seen until after 5 days 
of realimentation. Even after 10 days, the 
cartilage cells were still smaller than or- 
dinarily, although the individual cartilag" ceL 
row contained the usual number of ells. 
Mitotic proliferation of P ,cav' cells 
was le^s prominent indica^, • .iparkwively 
slow rale of growth. Mo',^^ue > 
generated cartilage c -id l^d s^zation of tlie 
ground substa-'.ee were sVhg frol^^ble. Osteo- 
blasts wei-' tier scantiop. liey had not 


Deficiency in Mice 

yet completely regained their epithelioid 
shape. 

Summary and Conclusions. In pyridoxine 
deficient young mice, growth . of' ^cartilape 
and formation of bone were inhibited a.?i; 
finally ceased. Upon refeeding the complete 
diet, recovery was noticeable after 3 days 
and was still in progress after 14 dai-s. The 
growth processes were quickly restored with 
mitoses present in the germinal layer of the 
cartilage as well as in the osteoblasts. 

The effects of pyrido.xine deficienc}' on 
cartilage resemble those seen in pantothenic 
acid deficient mice,^ whereas the disturbance 
of ossification was not unlike that observed 
in riboflavin deficiency.- The specificity of 
the skeletal changes may thus be questioned. 



Fig. 5. 

High ’power photogr.aph of 2 bony tmbcculac 
of a female mouse of strain C57, 12 weeks of age, 
aud feu a pjTidoxine-deficient diet for 8 weeks. 
The spicules are thin and covered only here and 
tliero by spindle-shaped ceils. Osteoblrists are not 
,secn. The bone marrow is atrophic. Same mag- 
nification as No. 4. 

iLevy, B. M., and Sill grberg, M., Pnoc. Soc. 
Exp. Biol, and 3Ied., 1940, 03, 3S0. 

2 Bevy, B. JI., and Silberberg, 1?., Proc. Soc. 
Exp. Biol, and Med., 1940, 03, 355. 
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Fig. 1. 

Kj-niogr.nms showing the effect of stimulation of 
the contra-later-al sciatic nerve in causing reflex 
contraction of (1) the normal (left) soleus. (2) 
the transplanted (right) soleus, (3) the norm-al 
(loft) tibialis posterior. 

minimal degree of after-discharge. It is ap- 
parent, nevertheless, that the characteristic 
of the contraction is more nearly that of 
pale muscle than of red. 

In Table I are compared the analyses for 
iron and myohemoglobin in normal soleus, 
transplanted soleus, and normal tibialis pos- 


TABLE I. 

Comparison of Myohemoglobin and Iron Contents 
in Normal Bed, Transplanted Eed, and Normal 
IVliite Muscles. 


All muscle weights corrected to 5 g. All values 
represent averages in mg per 5 g muscle of the 
number of determinations indicated in parentheses. 


Muscle 

Iron Myohemoglobin 
content eontent 

Tibialis posterior (2) 

32.50 

10.00 

Transplanted soleus (3) 

34.00 

10.29 

Normal soleus (3) 

53.49 

15.74 


terior muscles. It is evident from these re- 
sults that the alteration in function of the 
red muscle has resulted in an iron and m3'0- 
hemoglobin content ver\' similar to that of 
normal pale muscle and far below that of 
normal red muscle. 

Summary. Conversion of red muscle to 
pale muscle can be accomplished bt^ changing 
the position of the tendon of insertion to that 
of a white muscle. In thus assuming the func- 
tion of a pale synergistic muscle, the red 
muscle in turn assumes the properties of pale 
muscle as evidenced bj’’ similar tj^pes of re- 
flexh’- induced contractions and bj’- similar 
mjmhemoglobin and iron contents. Acknowl- 
edgment is due Mrs. G. W. Wyatt for aid 
in the chemical determinations. 


16273 

Sulfhydryl and Disulfide Content of Normal and Arsenic-Resistant 

T rypanosomes.* 


(Introduced by E. AI. K. Ceiling.) 


Stew/\rt C. Har\'ey.1 

The sulfhj-drj'l group has been regarded as 
a more or less specific receptor for tervalent 
arsenicals since it was postulated by Voegtlin^ 
that arsenicals are bound through tlie forma- 
tion of dithioarsenite complexes. It was fur- 
ther suggested by him- that differences in the 
equilibrium position of the glutathione sj’stem 
or in the absolute quantity of glutathione in 
sub-strains of a given strain of trj-panosomes 
were responsible for the phenomenon ol ar- 

• Supportofl by a grant-in-.aid from the V 
Public Uo.ilth Service. 

1 .Tohn J.ncob -tbcl Fellow harmncolngv.' 


senic-resistance, the resistant strain presum- 
ably having a greater sulfh_vdr\'l reserve with 
which to detoxify the arsenical. Since then, 
the concept of the arsenic receptor has been 
broadened to include tlie fixed sulfhv’drj'l 
groups of proteins,^'^ the importance of which 
has been emphasized by the work of Barron 

1 1 oogtliu, C., Dyer, II. A., .and I.eon.'ird, C. S., 
U. S. P,:h. Jlcalth Sep., 1923, 38, 1SS2. 

= Vogctlin, C., Dyer, II. A., .and Miller, D. IV., 
J. riinrm. and Exp. Thcrap., 1924, 2,3 55 ’ 

•> Vrcgtlin, C., and Bosentlial, S. M.’, J. PI, arm 
and Exp. Thcrap., 1930, 39, 347. 
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Conversion of Red Muscle to Pale Muscle.* 

L. M. N. Bach. (Introduced by H. S. Mayerson.) 

From the Department of Physiology, Tulanc University School of Medicine, Few Orleans. 


It has long been taught that the function 
of myohemoglobin in red muscle is its func- 
tion as an oxygen reservoir for the sustained 
contractions so typical of this kind of 
muscle.^ Variations in myohemoglobin con- 
tent were noted by Whipple- who correlated 
the content of this pigment with the age, 
state of health, and amount of activity en- 
gaged in by dogs. McClintock, Hines, and 
Jordan® observed that increased activity of 
muscle would lead to an Increase in myo- 
hemoglobin content. In order to test the 
validity of the concept that myoglobin con- 
tent and type of activity are correlated, the 
experiments described below were carried out. 

Methods. Large, mature rabbits were 
selected for these experiments. Six such 
animals were used and each was anesthetized 
with nembutal. Under aseptic conditions, the 
tendon of the right soleus muscle was severed 
and the central end of this tendon sutured 
to the peripheral end of the severed tendon 
of the synergistic pale tibialis posterior 
muscle. By causing the red soleus to utilize 
the insertion of the pale tibialis muscle, it 
was hoped to convert the soleus to a pale 
muscle. The ankle was fixed with an ortho- 
plast bandage in such a way that the foot 
was kept partially flexed for a period of 2 
weeks at the end of which time the bandage 
was removed. The animals were then sacri- 

* Aided by a grant from tbe David Trautman 

Schwartz Eesearch Fund of the Tulane School of 

. \ 

Medicine. 

1 Millikan, G., Physiol. Fef., 1939, 19, 509. 

2 Whipple, G. H., Physiol., 1926, 7C. 

3 McCUntock, J. T., Hines, H. M., and Jordan, 

D. P., Pboc. Soc. Exp. Bioi.. and Med., 193?, 
43, 139. .. t 


ficed after a period of 6 months. At sacrifice, 
the animal was placed under nembutal anes- 
thesia and the normal tibialis and soleus of 
the left leg and the transplanted soleus of 
the right leg were arranged for recording. All 
tendon sutures were found to have been suc- 
cessful. The contractions of each of these 
extensor muscles were elicited as a part. of 
a crossed extensor reflex elicited by stimula- 
tion of the contralateral sciatic nerve. 

After the recordings were made, the animal • 
was perfused with saline, and the muscle was” 
excised and w'eighed. Hemoglobin of muscle 
was determined by the acid hematin method 
according to VTiipple^ and iron determina- 
tions were simultaneously made by the meth- 
od of Wong.® 

Results A comparison of refle.xly induced 
tetanic contractions is shown in Fig. 1. This 
typical result illustrates the fact that ex- 
citation with stimuli of equal strength (10 
volts), equal frequency (60 c.p.s.), and equal 
duration (1 sec.) result in a prolonged and 
maximal degree of contraction, marked by 
considerable after-discharge in the normal 
soleus and a very short, lesser degree of 
tetanus with a conspicuous lack of after-dis- 
charge in the case of the normal tibialis pos- 
terior. The transplanted soleus, on the other 
hand, exhibits a reHexly induced contraction 
which is remarkably similar to the contrac- 
tion of the pale tibialis muscle. There re- 
main,- however, some remnants of red muscle 
contraction characteristics as evidenced by 
the-.'greatei ■ extent of contraction than with 
the'T'ale ’muscle and by the e.xistence of a 

i \V hippie, G. H.. Physiol., 1920, 76, 693. 

5 Wcng, S. X., I Chcm., 192S, 77, 409. 
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Fig. 1. 

Kymograms showing tlie effect of stimulation of 
the contra-lateral sciatic nerve in causing reflex 
contraction of (1) the normal (left) soleus, (2) 
the transplanted (right) soleus, (3) the normal 
(left) tibialis posterior. 

minimal degree of after-discharge. It is ap- 
parent, nevertheless, that the characteristic 
of the contraction is more nearly that of 
pale muscle than of red. 

In Table I are compared the analyses for 
iron and myohemoglobin in normal soleus, 
transplanted soleus, and normal tibialis pos- 


TABIiE I. 

Comparison of Myohemoglobin and Iron Contents 
in Normal Red, Transplanted Red, and Normal 
IVhite Muscles. 


All muscle weights corrected to 5 g. All values 
represent averages in mg per 5 g muscle of the 
number of determinations indicated in parentheses. 


Muscle 

Iron Myohemoglobin 
content content 

Tibialis posterior (2) 

32.50 

10.00 

Transplanted soleus (3) 

34.00 

10.29 

Xornia! soleus (3) 

53.49 

15.74 


terior muscles. It is evident from these re- 
sults that the alteration in function of the 
red muscle has resulted in an iron and myo- 
hemoglobin content verj-^ similar to that of 
normal pale muscle and far below that of 
normal red muscle. 

Sumviary. Conversion of red muscle to 
pale muscle can be accomplished by changing 
the position of the tendon of insertion to that 
of a white muscle. In thus assuming the func- 
tion of a pale synergistic muscle, the red 
muscle in turn assumes the properties of pale 
muscle as evidenced by similar types of re- 
fle.Yly induced contractions and by similar 
myohemoglobin and iron contents. Acknowl- 
edgment is due iMrs. G. W. Wyatt for aid 
in the chemical determinations. 


16273 

Sulfhydryl and Disulfide Content of Normal and Arsenic-Resistant 

T rypanosomes.* 


(Introduced by E. M. K. Geiling.) 


Stewart C. IL\rvey.1 

The sulfhydryl group has been regarded as 
a more or less specific receptor for terx-alent 
arsenicals since it was postulated by Voegtlin^ 
that arsenicals are bound through the forma- 
tion of dithioarsenite comple.xes. It was fur- 
ther suggested by him- that differences in the 
equilibrium position of the glutathione system 
or in the absolute quantity of glutathione in 
sub-strains of a given strain of trj-panosomes 
were responsible for the phenomenon oi ar- 

* Supported by .-i gr.unt-in-.oid from the T ^ 
Public Hraltb Service. 

t .Tobn .I.ncob .tbel Follow barmncologv.' 


senic-resistance, the resistant strain presum- 
ably having a greater sulfhydryl reserve with 
which to detoxify the arsenical. Since then, 
the concept of the arsenic receptor has been 
broadened to include the fi.xed sulfhydryl 
groups of proteins, the importance of which 
has been emphasized by the work of Barron 

1 Vocgtb.1, C., Dyer, H. A., and Leonard, C. S. 
U. S. Pull. Health Vcp., 1023, 38, 1S82. ’’ 

= A'ogctIin, C., Dyer, H. A., and iMiller, D. W 
J. Pharm. and Exp. Thcrap., 1924, 23 55 

- Vrngtlin, C., and Roscntlial, S. M.’ j' Pharm 
and Exp. Thcrap., 1930, 39, 347. 


268 Conversion of Red Muscle to Pale Muscle 

by a short febrile period with viremia and by the serum a few weeks after the infection,- 
the appearance of neutralizing antibodies in 


16272 

Conversion of Red Muscle to Pale Muscle.* 

L. M. N. Bach. (Introduced by H. S. Mayerson.) 

From the Department of Physiology, Tulanc University School of lledicine. New Orleans. 


It has long been taught that the function 
of myohemoglobin in red muscle is its func- 
tion as an oxygen reservoir for the sustained 
contractions so typical of this kind of 
muscle.^ Variations in myohemoglobin con- 
tent were noted by Whipple" who correlated 
the content of this pigment with the age, 
state of health, and amount of activity en- 
gaged in by dogs. McClintock, Hines, and 
Jordan® observed that increased activity of 
muscle would lead to an increase in myo- 
hemoglobin content. In order to test the 
validity of the concept that myoglobin con- 
tent and type of activity are correlated, the 
experiments described below were carried out. 

Methods. Large, mature rabbits were 
selected for these e.xperiments. Six such 
animals were used and each was anesthetized 
with nembutal. Under aseptic conditions, the 
tendon of the right soleus muscle was severed 
and the central end of this tendon sutured 
to the peripheral end of the severed tendon 
of the synergistic pale tibialis posterior 
muscle. By causing the red soleus to utilize 
the insertion of the pale tibialis muscle, it 
was hoped to convert the soleus to a pale 
muscle. The ankle was fixed with an ortho- 
plast bandage in such a way that the foot 
was kept partially flexed for a period of 2 
weeks at the end of which time the bandage 
was removed. The animals were then sacri- 

* Aided by a grant from the David Trautman 
Sch-wartz Research Fund of tho Tulane School of 
Medicine. 

1 Millikan, G., Physiol. Ref., 1939, 19, 509. 

2 Whipple, G. H., Physiol., 1920, 76. 

sMcCUntock, J. T., Hines, H. M., and Jordan, 

D. P., Peoc. Soc. Exp. Biol, and Med., j®39, 
42, 139. . 


ficed after a period of 6 months. At sacrifice, 
the animal was placed under nembutal anes- 
thesia and the normal tibialis and soleus of 
the left leg and the transplanted soleus of 
the right leg were arranged for recording. All 
tendon sutures were found to have been suc- 
cessful. The contractions of each of these 
extensor muscles were elicited as a part. of 
a crossed extensor reflex elicited by stimula- 
tion of the contralateral sciatic nerve. • ’ 

After the recordings were made, the animal • 
was perfused with saline, and the muscle was-' 
e.xcised and weighed. Hemoglobin of muscle 
was determined by the acid hematin method 
according to Whipple^ and iron determina- 
tions were simultaneously made by the meth- 
od of Wong.® 

Results A comparison of reflexly induced 
tetanic contractions is shown in Fig. 1. This 
t)'pical result illustrates the fact that ex- 
citation with stimuli of equal strength (10 
volts), equal frequency (60 c.p.s.), and equal 
duration (1 sec.) result in a prolonged and 
maximal degree of contraction, marked by * 
considerable after-discharge in the normal 
soleus and a very short, lesser degree of 
tetanus with a conspicuous lack of after-dis- 
charge in the case of the normal tibialis pos- 
terior. The transplanted soleus, on tlie other 
hand, exhibits a refle.xly induced contraction 
which is remarkably similar to the contrac- 
tion of the pale tibialis muscle. There re- 
main, however, some remnants of red muscle 
contraction .characteristics as evidenced by 
the-'greatei- extent of contraction than with 
the'Tale muscle and by the e.xistence of a 

i jipple, G. H., Physiol., 1926, 70, 693. 

5 Wong, S. Y., ; ’ ’ Chetn., 192S, 77, 409. 
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Fig. 1. 

Kymograms slio'O'ing the effect of stimnlation of 
the ’eontra-latcral sciatic netre in causing Toflex 
contraction of (1) the normal (left) solens, (2) 
the transplanted (right) solens, (3) the normal 
(left) tibialis posterior. 

minimal degree of after-discharge. It is ap- 
parent, nevertheless, that the characteristic 
of the contraction is more nearly that of 
pale muscle than of red. 

In Table I are compared the analyses for 
iron and myohemoglobin in normal soleus, 
transplanted soleus, and normal tibialis pos- 


TABLE I. 

Comparison of llyohemoglobin and Iron Contents 
in Normal Bed, Transplanted Bed, and Normal 
IVhite iXnscles. 


All muscle nreights corrected to 5 g. All valnes 
represent averages in ing per 5 g muscle of the 
number of determinations indicated in parentheses. 


Muscle 

Iron Myohemoglobin 
content content 

Tibialis posterior (2) 

32.50 

10.00 

Trausplanted soleus (3) 

3-t.OO 

10.29 

Norma! soleus (3) 

53.49 

15.74 


terior muscles. It is evident from these re- 
sults that the alteration in function of the 
red muscle has resulted in an iron and myo- 
hemoglobin content very similar to that of 
normal pale muscle and far below that of 
normal red muscle. 

Summary. Conversion of red muscle to 
pale muscle can be accomplished bt' changing 
the position of the tendon of insertion to that 
of a white muscle. In thus assuming the func- 
tion of a pale srHuergistic muscle, the red 
muscle in turn assumes the properties of pale 
muscle as evidenced by similar tj^ies of re- 
fle.Tly induced contractions and by similar 
myohemoglobin and iron contents. Acknowl- 
edgment is due IMrs. G. W. Wyatt for aid 
in the chemical determinations. 


16273 

Sulfhydi>d and Disulfide Content of Normal and Arsenic-Resistant 

T rypanosomes.’^ 


Stew,\rt C. HARr’EY.t (Introduced by E. K. Ceiling.) 


The sulfhydrj'l group has been regarded as 
a more or less specific receptor for tervalent 
arsenicals since it was postulated by Voegtlin^ 
that arsenicals are bound through the forma- 
tion of dithioarsenite comple.ves. It was fur- 
ther suggested bj' him- that differences in the 
equilibrium position of the glutathione system 
or in the absolute quantity of glutathione in 
sub-strains of a given strain of tiypanosomes 
were responsible for the phenomenon oi ar- 

* Supported by a grant-in-aid from tlio V T 
Bublic ITcaUli Service. 

f .Tolin dacob .Vbel I ollorv barmacoiogv. 


senic-resistance, the resistant strain presum- 
ably having a greater sulfhydiyl reserve with 
which to deto.vify the arsenical. Since then, 
the concept of the arsenic receptor has been 
broadened to include the fixed sulfhydrvl 
groups of proteins, =•< the importance of which 
has been emphasized by the work of Barron 


1 Yocgtla., C., Dyer, U. A., and Leonard, C. S., 
V. S. F\:h, UcaJih Jlcp., 1023. 38 1S$2 
-togetbn, C., Dyer, IL A., and JEller, D W" 
J. Phar-r.. nrtd Prp. Thcrap., 1924 ^ 03 ’’ 

-Vrcgtlin, c.. and Boscntl.al, S. JI.’ pi, arm 

and P:,p. Thcrap., 1930, 30, 347. 
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16272 

Conversion of Red Muscle to Pale Muscle.* 

L. M. N. Bach. (Introduced by H. S. hlayerson.) 

From the Department of Physiology, Tulanc University School of Medicine, Fcib Orleans. 


It has long been taught that the function 
of myohemoglobin in red muscle is its func- 
tion as an oxygen reservoir for the sustained 
contractions so t 3 ^pical of this kind of 
muscle.^ Variations in myohemoglobin con- 
tent were noted by Whipple- who correlated 
the content of this pigment with the age, 
state of health, and amount of activity en- 
gaged in by dogs. McClintock, Hines, and 
Jordan® observed that increased activity of 
muscle would lead to an increase in myo- 
hemoglobin content. In order to test the 
validity of the concept that myoglobin con- 
tent and type of activity are correlated, the 
experiments described below were carried out. 

Methods. Barge, mature rabbits were 
selected for these experiments. Six such 
animals were used and each was anesthetized 
with nembutal. Under aseptic conditions, the 
tendon of the right soleus muscle was severed 
and the central end of this tendon sutured 
to the peripheral end of the severed tendon 
of the synergistic pale tibialis posterior 
muscle. By causing the red soleus to utilize 
the insertion of the pale tibialis muscle, it 
was hoped to convert the soleus to a pale 
muscle. The ankle was fixed with an ortho- 
plast bandage in such a way that the foot 
was kept partially flexed for a period of 2 
weeks at the end of which time the bandage 
was removed. The animals were then sacri- 

* Aided by a grant from tbo David Trautman 
Sebwartz Research Fund of the Tulane School of 
Medicine. 

1 Millikan, G., Physiol. Mef., 1939, 19, 509. 

2 Whipple, G, H., Physiol., 1926, 76. 

3 McClintock, J. T., Hines, H. M., and Jordan, 

D. P., Pkoc. Soc. ESP. Biol, and Med., 193‘t, 
42, 139. . T . 


ficed after a period of 6 months. At sacrifice, 
the animal was placed under nembutal anes- 
thesia and the normal tibialis and soleus of 
the left leg and the transplanted soleus of 
the right leg were arranged for recording. All 
tendon sutures were found to have been suc- 
cessful. The contractions of each of these 
extensor muscles were elicited as a part. of 
a crossed extensor reflex elicited by stimula- 
tion of the contralateral sciatic nerve. 

After the recordings were made, the animal 
was perfused with saline, and the muscle was 
excised and weighed. Hemoglobin of muscle 
was determined by the acid hematin method 
according to VTiipple* and iron determina- 
tions were simultaneously made by the meth- 
od of Wong.® 

Results A comparison of refle.xlj’- induced 
tetanic contractions is shown in Fig. 1. This 
t 3 ^ical result illustrates the fact that e.x- 
citation with stimuli of equal strength (10 
volts), equal frequency (60 c.p.s.), and equal 
duration (1 sec.) result in a prolonged and 
maximal degree of contraction, marked by 
considerable after-discharge in the normal 
soleus and a very short, lesser degree of 
tetanus with a conspicuous lack of after-dis- 
charge in the case of the normal tibialis pos- 
terior. The transplanted soleus, on the other 
hand, exhibits a reflexl 3 ’' induced contraction 
which is remarkably similar to the contrac- 
tion of the pale tibialis muscle. There re- 
main,- however, some remnants of red muscle 
contraction characteristics as evidenced by 
the ■■^renter extent of contraction than with 
the: pale muscle and by the e.xistence of a 

•I Iiipple, G. H., Physiol., 1920, 70, 093, 

5 Wong, S. T., ; ■ ’■ Chem., 192S, 77, 409. 
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in the medium and to the salt concentration. 

3. The effect of salt is exerted not upon 
the streptomycin itself but upon the medium, 


which in turn influences the growth of the 
organism. 
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Effect of Organic Acids on Streptomycin Activ’ity.*v 

Saaiuel R. Green, IVarren P. I\'erson, .and Seeaian A. IVaksaian. 

From the Department of yticroliotogp, Few Jersey JgricuUiiral Fxperimeni Station, Butgers 

University. 


The antibacterial potency of streptomycin 
is still largely measured by its inhibiting 
effect upon the growth of certain bacteria in 
artificial culture media, under given con- 
ditions of cultivation. The activitj' of the 
antibiotic thus measured is influenced by a 
5 ,reat many factors. Chief among these is 
the presence of certain organic and inorganic 
onstituents in the medium,' the presence of 
certain reducing substances,--^ the nature of 
the test organism, its age and number of 
viable cells used.' In addition to these, the 
presence of certain organic acids that may be 
formed as intermediaiy' metabolic products 
in the nutrition of various bacteria may also 
affect the activity of streptomycin. .A study 
of the last phenomenon forms the subject of 
this report. 

Escherichia coli ATTC 9637 was used as 
the test organism. Its growth in various 
media was determined by means of a Cenco- 
Sheard-Sanford Photelometer. Immediately 
after inoculation, the culture tubes gave a 

•Jouriinl Scries P.ipcr, Neir Jersey .Agricai- 
tural Experiment Station, Itutpers University, 
Department of Microtiolopy. 

t Partly supported by a praiit made by the 
Coinmonncnlth Fund of Xciv York. 

I Green, S. D.. and AVnksman, S. A., Pr.oc. Soc, 
Exr. P.ioL. .VXD Mrj).. 104S, <>7, 2S1. 

- Geiper, AV. B., Green, S. B., and AVaksman. 
S. A., Pr.oc. Soc. E.xr. Bion. .v\d AIed., IPIG, 
Cl, jsr. 

3 Donovick. B.. and Bake, G., Proc. Soc. Exp. 
Bio-.,. .VN-p Med., 104C, Cl, 224. 

4 Lenert, T. K., and Hobby, G, L., Proc. Soc. 
Exr. Bioi„ .\XD Med., IblT, 0,-;. 233. 242. 


reading of zero turbidity. The final turbiditA’ 
was expressed in terms of per cent of light 
absorption. 

The organic acids used in these studies 
were neutralized to pH 7.0, sterilized b\- fil- 
tration through ^landler candles, and added 
to the medium to give a final concentration 
of 1%. The streptomycin solution was steri- 
lized by heating at 60-C for 30 minutes. 
The basic nutrient broth used in these ex- 
periments contained 0.5^0 peptone and 0.3^o 
meat extract. 

The influence of different organic acids as 
compared to that of sugars and ghxerol upon 
streptomycin activity was at first determined 
(Table I). The growth of E. coli in nutrient 
broth is usually inhibited by 1 fig of strepto- 
mycin per ml. When pyruvic or fumaric 

TABLE I. 

Effect of Y.urious C.irbon Sources in Medium upon 
Streptomycin Activity on E. coli. 


Turbidity* 


Cvrbon source 

ITc 

4 hr 

Streptoinvcin, 
0 -f ' 

21 br 

10 fig/m\ 

0 -h 

Glucose 





41 

0 

Lncto.'C 

14 

0 

.30 

0 

I’yruvic ncid 

oc* 

13 

C7 

31 

Fumaric acid 

14 

12 

Ho 

30 

Formic acid 

0 

0 

15 

12 

Suceinic ncid 


r> 

30 


Glycerol 

s 

0 

42 

0 

Alaleic acid 

in 

f, 



Mnlonic ncul 

s 

G 

.31 

c 

Glyccropliosplipric ncid 

7 

0 

33 

0 

Acetic acid 

G 

n 

3-1 

0 

Propionic acid 

O 

0 

30 

0 

Lactic acid 

0 

0 

32 

0 

* .Ab'Orption of lipiit 

in per 

cent. 
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^ TABLE TV. 

Combined Effect of NaCl and Peptones on Streptomycin Activity in Glucose Media 
Cultures incubated for 22 hours at 2S°C. 


Turbidity 


Peptone source 


Peptone 327393 


327393 

3 3 

327393 

3 3 

327393 

3 3 

23368 

3 3 

23368 

3 3 

23368 

3 3 

23368 

3 3 

383611 

3 3 

383611 

33 

383611 

3 3 

383611 


Tryptone 

}} 

) ) 

J J 


EaCI, 

0.5% 

Meat extract, 
0.3% 



Streptomyeia, 

0 

10 

+ 

0 

0 

27 

0 

-f 

0 

19 

19 

0 

+ 

45 

30 

+ 

+ 

47 

38 

0 

0 

pq 

0 

-f 

0 

23 

20 

0 

~h 

43 

0 

+ 

+ 

41 

37 

0 

0 

25 

0 

+ 

0 

22 

21 

0 

"h 

■ 43 

27 

+ 

-f 

44 

35 

0 

0 

30 

0 

-b 

+ 

37 

29 

0 

4' 

45 

0 

*4“ 

■4 

48 

38 


TABLE T. 

Effect of Salt upon Streptomycin Activity in Agar Media. 
Cup method used; zone of inhibition measured in mm.* 


Concentration 
ofNaCl, % 

Salt added to agar. 
Streptomycin, /ig/ml 

5 10 50 

Salt added to 
streptomycin solution. 
Streptomycin, 10 /ig/ml 

0 

13.0 

14.0 

18.5 

17.0 

0.5 

14.0 

16.0 

20.0 

18.0 

1.0 

12.0 

14.0 

19.0 

18.1 

3.0 

9.0 

9.0 

14.0 

19.0 

* Diameter of cup 9 mm. 





antibiotic, thus proving that the streptomycin 
was not destroyed. 

The salt phenomenon was shown to be 
effective not onty for E. coU but also for 
Bacillus subtilis and Proteus vulgaris. Fur- 
thermore, other salts, such as magnesium 
chloride, sodium nitrate, and sodium sulfate, 
in ilf /3 concentrations, also inhibited the 
antibacterial activity of streptomycin. These 
results are in accord with those obtained by 
other investigators. The salt effect was not 
neutralized by the addition of phosphate 
buffer or of serum to the medium. 

When sodium chloride was added to nu- 
trient agar, and the activity of streptomycin 
tested by the agar diffusion or cup method, 
it was found (Table V) that O.S% salt ac- 
tually caused an increase in the width of the 
zone of inhibition due to streptomycin; the 


addition of 3% salt to the agar resulted, 
how'ever, in a marked reduction in the size 
of the zone. When salt was added to the 
streptomycin solution before it was placed in 
the cup, there was no neutralizing action, 
but an actual stimulating effect upon the 
potency of streptomj'cin. 

These results indicate that the effect of 
salt is due not to a modification of the strepto- 
mycin but to a change in the conditions in 
the medium which influence the growth of the 
test organisms. 

Summary . 1. The potency of strepto- 
mycin is greatly influenced by the composi- 
tion of the medium, the salt concentration 
being most significant, 

2. The inhibiting effect of glucose upon 
streptomycin activity is due to the specific 
nature of the organic nitrogenous compounds 
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Organic Acids and Steeptomycin Activity 


TABZ/E JJ 

Effect of Different Concentrations of Streptomydn upon Growth of coli in Presence of 

Pjrnvie or Pumaric Acids. -rresence or 


Carbon source 
1 % 


Streptomycin, 


Turbidity 


Pyruvic acid 


Piiniaric acid 


fig/ml 

5 hr 

Sbr 

17 Jir 

22 hr 

0 

14 

19 

50 

48 

10 

25 

7 

o 

14 

5 

33 

23 

34 

27 

50 

0 

0 

0 

o 

100 

0 

0 

0 

0 

0 

10 

25 

49 

49 

10 

9 

20 

40 

41 

25 

50 

100 

6 

1 

0 

16 

3 

0 

29 

15 

0 

32 

16 

0 


TABLE III. 

Intiuence of I^itrogen Sources upon Effect of Organic Acids and Other Carbon Compounds upon 
Streptomycin Activity.'* ^ 


Casein Iiydrolysate Asparagine 

Streptomycin, 10 pg/ml 


Tryptone 


Additional material 


0 


+ 


+ 


+ 


iSTone 
Glucose 
Lactose 
Formic acid 
JIaleio acid 
Slalonic acid 
ilalic acid 
Succinic acid 
Pyruvic acid 
Gli’cerol 
Fumaric acid 
Lactic acid 


20 

3S 

33 

i 

29 

44 

51 

38 

48 

37 

35 

57 


0 

0 

0 

3 

22 

io 

15 

10 

37 

0 

22 

0 


0 

0 

4 

5 
11 
16 
12 
50 


0 

0 

0 

0 

5 

0 

0 

0 


39 
30 
13 
21 
21 

40 
30 
42 
29 
36 
36 


0 

0 

0 

6 

10 

4 

18 

10 

40 

0 

19 

0 


* E. coli used as test organism; incubation 20 hours at 2S‘’C. 


acid was added to the medium good growth 
was obtained even in the presence of 10 
pg/ml of the antibiotic. Succinic, formic, 
maleic, and malonic acids also e.xerted a cer- 
tain degree of protection upon the bacteria 
against the antibacterial action of strepto- 
mycin. Lactose, glycerol, sodium gli'cero- 
phosphate, lactate, and glucose had, however, 
no effect upon streptomycin activity; the 
same was true of propionic and acetic acids. 

The pyruvate and fumarate media in which 
E. coli grew in the presence of streptomycin 
were tested, by the agar cup method, for 
streptomycin concentration. The antibiotic 
was not reduced in potency. The possible 
development of bacterial strains resistant to 
streptomycin was also determined, the cul- 
ture was found to remain sensitive to 2 pg/ml 
of streptomjxin. 


A study was made ne.xt of the minimum 
concentration of streptomycin necessary to 
inhibit the growth of E. coli in the presence 
of piTuvate and fumarate. Even in the pres- 
ence of 50 pg/ml of streptomi'cin good growth 
was obtained in the peptone broth to which 
fumarate was added; there was no growth, 
however, with 100 /<g/ml streptom 3 Tin 
(Table II). The effect of pj'ruvate was sim- 
ilar to that of fumarate, although quanti- 
tatively somewhat different. lA^hen the con- 
centration of the fumarate was increased to 
■3%, growth occurred even in the presence of 
150 pg/ml of streptomjxin but none with 

200 fig/ml. 

The addition of organic acids and sugars 
to tryptone or casein hj'droh'sate broth gave 
results similar to those obtained with the pep- 
tone broth (Table III). When asparagine 
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was used as a source of nitrogen, slight growth 
of E. coli occurred in the presence of strepto- 
mycin with maleic acid, and a trace of growth 
with pyruvic and fumaric acids; the other 
carbon sources did not antagonize the action 
of streptomycin upon the growth of E. coli. 
This indicated the possibility that the com- 
plex nitrogenous materials contained some 
substance which was necessary for the utiliza- 
tion of the pyruvate and fumarate in the 
presence of streptomycin; this substance 
could not be derived from asparagine. 

In an effort to elucidate the possible nature 
of the substance which favored the neutral- 
king effect of pyruvate and which was absent 
in asparagine, yeast extract and a vitamin 
mixture containing Bi, Ba, Bo, calcium panto- 
thenate, folic acid, nicotinamide, para-amino- 
benzoic acid, and cocarboxylase were added 
to asparagine-pyruvate broth. Only the yeast 
extract proved effective in allowing the 
groMth of E. coli in the presence of strepto- 
mycin (Table IV). 

The neutralizing effect of pyruvate and 
fumarate upon streptomycin was tested with 
other bacteria, including another strain of 
E. coli (No. 2), Acrobacter aerogeites, Pro- 
teus t'ulgaiis, and Staphylococcus aureus. 
The action of pyruvate and fumarate upon 
streptomycin activity was found to vary with 
t le organism (Table V) . It was most marked 
uiti P. vulgaris and E. coli, and least with 
-•1. acrogcucs and 5. aureus. Similar varia- 
ions Mere obtained with oUier organisms. 
m’cobactcriurn tuberculosis No. 607 showed 
some inhibition by fumarate with low con- 
centrations of streptomycin and none with 
‘a er concentrations; the pjmuvate showed 
no efiect at all for this organism. 

The results tend to show that certain or- 
ganic acids have a definite neutralizing or 
antagonistic effect upon the antibacterial 
properties of streptomycin onlv as regards 
certain organisms. The salts of the dicar- 
ox>hc acids (fumaric, succinic, malic, and 
ma eic) , as well as pyruvic and formic acids, 
nere most effective; they supported the 
growth of E. coli in the presence of bac- 
tericidal concentrations of streptomycin. The 
-a ts of acetic, lactic, and propionic acids, 
i\ell as sugars, such as glucose and lactose. 


TABLE ir. 

Effect of B Vitamins and Yeast Extract upon 
Antibacterial Activity of Streptomycin in 
Asparagine-Pyruvate Broth. 

Asparagine 2.5 mg/ml, pyruvate 10 mg/ml. 


Turbidity after 25 lirs 


Supplementary 
additions 
to broth 

Streptomycin, 

10 /Hg/ml 

ilg/ml 

0 

-b 

Broth alone* 


13 

0 

Pyruvate control 


28 

28 

Yeast extract 

2.5 

51 

17 

}} f> 

1.25 

50 

6 

if if 

0.G3 

52 

S 

Vitamin mixture 


S 

0 


* iSTo pyruvate. 


did not influence the inhibiting action of 
streptomycin upon E. coli. 

The presence of pyruvic and dicarboxylic 
acids does not result in the destruction of the 
antibiotic, since the concentration of strepto- 
mycin in the medium remained close to the 
theoretical. These organic acids do not favor 
the development of strains of bacteria re- 
sistant to the action of streptomycin. No ir- 
reversible combination is produced between 
the antibiotic and the organic acid. The 
only explanation for this effect may be looked 
for in the susceptibility of a specific enzyme 
system to the action of streptom 3 min, where- 
by' it may' be replaced, at least in the meta- 
bolism of certain bacteria, by' another sy'stem 
in the presence of pyruvic or fumaric acid. 
That the effect of streptomycin upon suscept- 
ible bacteria may be due to interference with 
intermediary' metabolism has been suggested.® 

It may also be of interest to note here that 
the oxidation of benzoic acid by' Mycobac- 
terium fubcrctilosis No. 607 was inhibited by 
10 /ig/ml streptomycin, whereas even 100 
fig had no effect upon this oxidation process 
by a resistant strain of this organism. On 
the other hand, 100 /tg streptomycin had no 
effect upon the oxidation of py'riivic acid by' 
the normal strain." 

The possibility that streptomycin inter- 
feres with the synthesis of amino acids, pro- 
teins, or carbohydrates and that the organic 

6 Geiger, W. B., Arch. Biochem., 1947, 

0 Strauss, E., Pkoc. Soc. Exp. Biol, and Med 
1947, C4, 97. ‘ ■' 

TBernheim, F., .and Fitzgerald, R. J., Science 
1947, 105, 43.-;. ' 
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] y.K[;TOSTEl!OW ExCRETIOS DVRING STARVATION 


TABLE T. „ . ■ 

Fffcct of Pvnn-ofc nmJ Fnmnrnte vpon A, McrMAcUv.fx of .froptooncn.. 

• Incubation 17 iionrs at SS^C. — 


C.-irhoii foiircc 


£. coK 
0 ' + 


A.aaogencs 
0 + 


£. rulparis 
0 + 


S. aureus 
0 + 


JToiic 

Pvrtivio ficiil 
Tamaric acid 
Gliiroso 


lo 

3S 

^0 

37 


0 

20 

23 

0 


IS 

40 

46 

36 


0 

4 

6 

0 


4 

36 

47 

14 


0 

26 

42 

0 


24 
44 13 

22 6 

44 0 


0 


. 4 pg/inl s(rcpiomT«‘B- 


• rt ]jn *:trcpfoni^ cin j d~ ^ ^ ^ , 

. „ , , , ^troved The fest hactena growing in the 

adds ninv counteract the nfbioUc effect ht .treptomydn and of the organic 

.uting as' 2g- acids did not become resistant to strepto- 

oSd cS pS^nary f '"ghs of succinic, formic, malic, and maleic 

f„ oxidation experinients, ,cids also exerted some antagonis ic effect 

Thuriberg and IVarbiirg upon streptomycin. Lactose as well as lac- 

Tn strcntomvcin does not affect metabobc ^ p 

-L- meistired in terms of osygen up^J- /ophosphate, and glucose had no effect upon 

S|rof inhibiting action of streptomycin 

thrSt OT respiration is only a sec- “^^;„p 3 ri 30 „ of the antagonistic effect of 
, Lnnmonon. nvruvic and fumaric acids against the strepto- 

^arv The addition of Ifo mydn action upon various bacteria, showed 

fZ"r4 ” ^ SUraW. variation. £ a.« and F. .»(■ 

and fuma t presence of ^ were largely protected by the organic 

growth of • jjjg concentration against the action of streptomycin, 

the^acMs was increased to S^, g^ ":^/ndl( SeL^roc^ were oni; 


o a Wnen tac . nnns againsi. luc <iuuuii ui ai.icpi.uui/uiii, 

of increased to to and S. were only 

the acids IV s ef iSO pgMoJ « 

place even m the P^ .^ “ ^ 

streptomycin. ^ tie si 
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to a number of complicating factors, it is im- 
possible to assess the influence of the re- 
stricted food intake on the urinary excretion. 

Dingemanse and her associates^ found a 
marked decrease in the concentration of 17- 
ketosteroids in the urine of the inhabitants 
of the Netherlands during the German oc- 
cupation. As they point out, although the 
content per unit volume was lower during the 
war than afterwards, the absolute amounts 
excreted in the two periods may not have 
been very different since the urine volume 
during the occupation was 1.5 to 2 times 
normal. 

Salter ct air noted a slight decrease in the 
mean urinary excretion of 17-ketosteroids 
among 48 repatriated American prisoners- 
of-war from the Pacific theater. All of these 
men had gynecomastia at one time or an- 
other. The biochemical manifestations of 
gjmecomastia in these e.x-P.O.W.’s were said 
to have been very similar to those observed in 
similar cases among civilians where the breast 
hj-pertrophy and tumor was presumably due 
to causes other than malnutrition. The 
papers by the Yale workers give the im- 
pression that the decreased 17-ketosteroid 
excretion is not a manifestation of starx’ation 
per sc. 

Chou and Wang" reported that the excre- 
tion of male sex hormones (as determined b\' 
the same general technique used in the 17- 
ketosteroid anah’sis) was markedly reduced 
in malnourished patients in proportion to the 
degree of undernutrition. However, factors 
other than starvation must have been oper- 
ative in these cases since their well-nourished 
patients showed a rate of excretion of male 
sex hormones only 42% of the mean for their 
normal subjects. 

Methods. The amount of total neutral 17- 
ketosteroids in the urine was determined by 
the micro-method of Miller and Mickelsen.'* 

1 Dingcmanfc. E., Iluis in't Veld, L. G., and 
do Lnat. 15. M.. .7. Clin. Eiidocriiior.. 1040 , C, 333. 

= Sailer. IV. T.. Kdatskin. G.. and Ilumm. F. D.. 
Am. .7. Hal. Sci.. 1047, 213, 31. 

a Cliou. C. Y., and Wang, C. W., Chinese J. 
I'hiisiol., 1030. I I. 151. 

■* Miller, E. v. 0., and Mickel?en. O.. to bo pub- 
li'licd. 


This involved the simultaneous hydroh'sis of 
the urine with hydrochloric acid and extrac- 
tion with carbon tetrachloride. .After a series 
of washings with potassium hydroxide, hydro- 
chloric acid and water, the carbon tetra- 
chloride extract was evaporated to drimess 
in vacuo. The residue was dissolved in ethyl 
alcohol and then subjected to the usual Zim- 
mermann reaction. In all cases duplicates 
were carried through from the beginning of 
the procedure and repeated when they failed 
to agree within 4%. .All urine specimens 
were collected in bottles containing glacial 
acetic acid as a preservative. The anah'ses 
were started within 24 hours of the time of 
collection, or the sample was stored at -20' C 
until the analysis could be made. 

Semi-starvation experiment. Thirt\'-four 
normal young men between 19 and 32 years 
of age voluntarily submitted to a semi- 
stari’ation e.xperiment. During the 6-month 
period when they were maintained on an 
average daily intake of 1600 calories, they 
lost 24% of their original bod\’ weight. The 
diet simulated that available to the inhabi- 
tants of north-central Europe and was rela- 
tively adequate in all determinable factors 
other than calories and protein. Before the 
e.xperiment started, the subjects were put 
through various physical and psychological 
tests in order to e.xclude those who deviated 
from normal. Other details of this experi- 
ment have been described elsewhere.-’' 

.A random group of 10 of these men -was 
chosen for the studj- of the 17-ketosteroid 
excretion. The semi-starvation phase of the 
experiment was preceded by a 3-months con- 
trol period. No urine samples were collected 
for these special analyses at that time. How- 
ever, control samples were collected from 
some of the men on the 57th week of re- 
habilitation when the subjects were back to 
normal in all respects. .Additional control 
urinary e.xcretion values from a large group 
of similar young men were available for com- 
parative purposes. 

Urine samples were collected for the deter- 

- llen'chcl, A.. Jlickciscn. O., T.-irior, II. I... ami 
Keys, .\.. Am. J. Ph<ir,,A.. 1047 . j.-jq 
- rl.j J, Dief. imo. U2. .*3^2 
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TABLE V. 

Effect of Pyruvate aud Pumarate upon Antibacteria] Activity of Strcntouivciii. 
^ Incubation 17 liours at 28°C. 


Carbon source 

F. coli 

0* -f 

A. aero genes 

0 -f 

P. vnlaaris 

0 '-1- 

>S. aureus 

0 -b 

None 

15 

0 

18 

0 

4 

0 

24 

0 

Pyruvic acid 

36 

20 

40 

4 

36 

26 

44 

13 

Fumaric acid 

40 

23 

46 

6 

47 

42 

oo 

G 

Glucose 

37 

0 

50 

0 

14 

0 

44 

0 

* 0 = no streptomycin; -J- 

— 4 /ig/ml streptomycin. 






acids may counteract the antibiotic effect 
acting as essential metabolites in the syn- 
thesis of these compounds has been sug- 
gested.® Certain preliminary results obtained 
in oxidation experiments, by the use of the 
Thunberg and Warburg techniques, indicated 
that streptomycin does not affect metabolic 
reactions measured in terms of oxygen uptake 
or dehydrogenase activity; rather it appeared 
that streptomycin affects a synthetic process, 
and the effect on respiration is onljr a sec- 
ondary phenomenon. 

Summary. The addition of 1% pyruvate 
and fumarate to nutrient broth supported the 
growth of E. coli in the presence of 10 pg/ml 
of streptomycin. When the concentration of 
the acids was increased to 3^, growth took 
place even in the presence of ISO pg/ml of 
streptomycin. The streptomycin was not de- 


stroyed. The test bacteria growing in the 
presence of streptomycin and of the organic 
acids did not become resistant to strepto- 
mycin. 

Salts of succinic, formic, malic, and maleic 
acids also e.xerted some antagonistic effect 
upon streptomycin. Lactose, as well as lac- 
tic, acetic, and propionic acids, gljxerol, gly- 
cerophosphate, and glucose had no effect upon 
the growth-inhibiting action of streptomycin 
on £. coli. 

Comparison of the antagonistic effect of 
pyruvic and fumaric acids against the strepto- 
mycin action upon various bacteria, showed 
considerable variation. E. coli and P. vul- 
garis were largely protected by the organic 
acids against the action of streptomycin, 
whereas A. aero genes and S. aureus were only 
slightly affected. 
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There are only a few reports indicating the 
effect of starvation on the urinary excretion 

* The work described in this paper w.is done 
under a contract, recoiuniended by the Comnuttee 
on Medical Kesearcli, between the Office of Scien- 
tific Eescarcli and Development and the Hegcnts 
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Surgeon General, U. S. Army. Einancial assistance 
was also provided by the Brethren Service Com- 
mittee, Elgin, 111. 5 the Service Committee of the 
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Society of Eriends, Philadelphia; the Jlennonites 
Central Committee, .Akron, Pa.; the John and 
Mary E. Markle Eouadation, New Tork; the Sugar 
Research Foundation, New York; the National 
Dairy Council operating on behalf of tlie Amer- 
ican Dairy Association, Chicago; and the Home 
Missions Board of the Unitarian Society, Boston. 
We wish to thank Dr. Ernst Oppenheimer, Ciba 
Pharmaceutical Products, Inc., Summit, N.J., for 
generous supplies of androstcronc. 
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table n. , £ , I I -1 

The Bnnary E.cret^n of ^TSeaf 

escrction are expressed as mg of androstero^ 

kttocteoirexSn observed on the fourth day of starvation is expressed as a percentage of 
acto.ierom c control value (% Alax. Deer.) 


Subject 

Control period 

Srd day starvn. 

4th day starvn. 

% Alax. Beer. 

B 

11.7 

12.4 

5.2 

.5.7 

4.7 

2.9 

59.8 

76.6 


11.3 

4.1 

3.4 

69.9 

b 

Pa 

Be 

c 

9.1 

9.9 

13.8 

10.9 

4.3 

.3.6 

4.9 

3.8 

3.0 

1.1 

3.7 

3.2 

67.0 

72.7 

73.2 

70.0 

H 

E 

xv 

12.9 

12.8 

9.3 

4.7 

5.2 

2.7 

4.7 

4.3 

2.3 

63.6 

66.4 

75.3 

% 

9.G 

3.3 

2.6 

72.9 

Vi 

13.3 

4.6 

5.5 

oS.O 


11.41 l.CO 

4.34 -iz 0.88 

3.58 -4- 1.00 

0S.9 

Urine vols. 

902 ± 24-1 

745 258 

813 ± 445 



food intake was raised, the ketosteroid excre- 
tion increased. By R6, the mean e.xcretion 
level for the 8 men examined then was 11.9 
mg. The ketosteroid excretion returned 
practicaUy to normal in spite of the fact that 
in even those subjects receiving the largest 
amount of food, body weight restoration 
amounted to a maximum of 18% of that lost 
during starvation with the values for most 
of the men below 7%. The recovery of 
physical fitness at this time was also very 
low. A subsequent year on an unlimited diet 
produced only a negligible increase in the 
17-ketosteroid excretion. Subject 130 whose 
excretion was below normal at R6 was the 
one whose food intake during this period was 
the lowest. His recovery, on the basis of 
such factors as restoration of body weight, 
improvement of physical performance, etc., 
was considerably less than that of the other 
subjects. This subject was unusual in that 
his excretion level at R6 was so very much 
lower than the value at S24. In 2 cases 
(1 and 26) the excretion at R6 was much 
greater than at RS7. There is no apparent 
e.xplanation for these findings. 

Results — acute starvation experiment. The 
3 (lays of acute starvation produced a marked 
reduction in the 17-keto5teroid excretion of 
all 12 subjects (Table II). The average ex- 
cretion during the control period was 11.41 
1.66 mg per 24 hours whereas that for the 
third day of the experiment was 4,34^:0.88 


and that for the fourth day was 3.58±1,00. 
In practically every case, the 24-hour urinary 
excretion was below the lower normal limits. 
On the fourth day of stan'ation, the keto- 
steroid output was still lower than that of the 
preceding day in all but 2 cases. 

By far the greatest part of the reduction 
in the urinary' excretion occurred by the third 
day of staiv'ation. The decrease by that time 
averaged 62% of the control values whereas 
the total reduction was 69%. The reduction 
of the ketosteroid excretion ranged from 59 
to 77%. There was no relation between the 
magnitude of the reduction and the control 
ketosteroid level. 

The rate of excretion of ketosteroids in 
these two types of starvation was not in- 
fluenced by the urine volume. In the semi- 
starvation e.xperiment during the entire star- 
vation phase the daily' urine volume was 
about twice the control value. In the acute 
starv'ation experiment, on the other hand, 
the urine volume was markedly reduced dur- 
ing the starvation period. 

Discussion. Both acute and semi-star\'a- 
tion with hard work produced marked re- 
ductions in the rate of total, neutral 17-keto- 
steroid excretion, the influence of acute star- 
vation being much greater than that of semi- 
staivation. Any attempt to e.xplain this 
change must involve a consideration of the 
functions influenced by each of the experi- 
ments. The plane of metabolism cannot be 
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17-Ketosteroip Excretion During Starvation 


T^VBLE I. 


TT * T-' • X« 

Urmarv Excretion of IT-Ketosteroids During Semi-starvation and Subsequent Eehabilitation 

All values are expressed as mg of androsternnp oa rpi.„ 

per 24 brs are given. 


' Subject 

SS 

S24 

E6 

E57 

1 

lO.S 

10.2 

17.6 

12.6 

9 

lO.S 

9.8 

12.8 

15.0 

12 

3.3 

8.7 

10.9 

11.7 

104 

7.7 

6.9 

9.8 

11.2 

122 

7.0 

6.4 

9.6 

10.3 

Mean 

7.92 ± 3.12 

8.40 ziz 1.70 

12.14 ± 3.31 

12.16 ± 1.79 

23 


4.7 

10.7 

13.0 

26 


7.7 

18.2 

10.1 

■ 109 


8.0 


11.0 

130 


11.5 

5.8 

17.5 

232 

S.G 

8.8 



Mean (all subjects) 

8.03 ± 2.80 

8.27 ± 1.99 

11.92 4.18 

12.49 2.42 

Urine vol. (all subjects) 1848 ± 759 

3009 ± 1794 

3838 ± 925 

1389 ± 383 


mination of the ketosteroid excretion at the 
following times; (1) the eighth week of star- 
vation (S8) when the men had lost an average 
of 13% of their original body weight, (2) at 
the twenty-fourth week of semi-starvation 
(S24) when they had lost 24% of their origi- 
nal body weight, (3) at the sixth week of re- 
habilitation (R6) when the men had regained 
some of their lost weight and (4) at the 
S7th week of rehabilitation (RS7) when they 
were back to normal in all respects. 

Aaite starvation experiment. Twelve nor- 
mal young men were subjected to a 4j4-day 
period when they received no food. Water 
was the only substance permitted by mouth 
during this period and it was unrestricted. 
Before and after this, these men were the 
subjects of a long-time experiment during 
which they received diets controlled as far 
as calories and thiamine were concerned. 
Throughout the starvation period, the physi- 
cal activity of the subjects was maintained 
by standardized walking on a motor-driven 
treadmill. The work was of such intensity 
that a calculated caloric deficit of approxi- 
mately 5000 calories per day was produced. 
The training factor involved in this high 
plane of activity was cancelled out since 
these men had done the same amount of work 
for a week or more preceding the fast. 

Urine samples for the estimation of the 
17-ketosteroid excretion were collected on the 
third and fourth days of the fast. The con- 
trol samples were secured some months later. 


These values agreed with those secured a 
number of months preceding the experiment. 
The validity of these control samples has been 
independently proven by the constancy of the 
24'hour urinary excretion of total, neutral 
17-ketosteroids over periods as long as a year 
or rnore.®’^ 

Results — semi-starvation experiment. The 
excretion of total, neutral 1 7-ketosteroids for 
the 5 men studied at SS averaged 7.9 mg per 
24 hours (Table I). This is considerably 
below the mean e.xcretion level of 11.3 mg 
observed for normal young men in this labor- 
atory" as well as the 12.2 mg for these men 
at the 57th week of rehabilitation. Each 
subject at S8 showed a lower excretion than 
that during the recovery period. In fact sub- 
ject 12 showed an excretion level considerably 
below any observed by us in normal jmung 
men, while the values for the rest of the sub- 
jects were in the lower normal range. 

At S24, the 1 7-ketosteroid excretion of tire 
above group showed no essential change e.x- 
cept for subject 12 whose value increased 
considerabl 3 ^ The values for the other men 
were essentially the same as those at S8. 
Five additional men studied at S24 showed 
the same decrease in 17-ketosteroid excretion 
as the preceding group. 

During the rehabilitation period when the 

cjlillcr, E. V. O., Mickclsen, O., and Keys, A., 
to be publislied. 

"Jliller, E. v. O., Slickelsen, O., and Iveys, A., 
FeU. Froc., 1947, C, 279. 
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TABLE I. 


— f. , 

Babbit 

No. 

Toxoplasma 

strain 


Dilution 

of mouse 

brain suspension 


Toxoplasma mixed with 

' 1:10 

1:50 

1:300 

1:5000 

tir’. -'4 

203 

Bk 

Tyrodc’s sol. 

Slotber’s serum 

+++ + 

-f-f-f 

4- 



r eic-i 


Bk 

+ 

4- 

— 

— 

•-liT 1' “• 

230 

S 

Tyrodc’s soi. 

Mother’s serum 

'h'h 

+ 

+ 





S 

+ 

— 

— 

— 

CT.;: 

232 

Bk 

Bk 

Tyrodc’s sol. 

Immune monkey serum 

4-+++ 

4 — h 

4*4 — 

4* 

-f-l- 

— 




S 

Tyrode’s sol. 

-h-k++ 

-f-h-i-f 

-l- 

1 

— 



S 

Immune monkey serum 

4*4" 

+ 

— 

— 




++++ Strong swelling and necrosis, 
++-{- Strong swelling without necrosis. 
++ Moderate swelling without necrosis, 
-j- Slight swelling. 

— No reaction. 


yi- TABLE n. 

Cross Immunity Between “Bk” and **S” Strfiins of Toxoplasma. 


Bahhit 

No. 


First inoculation 

I , 

Bate Strain Beaction 


Second inoculation 

----- . . _ _ . _ ^ 

Date Strain Beaction Strain Beaction 


250 

202 

213 

214 

Oct. 14 

S 

4 — k4 — h 

Dec. 1 

S 

4- 

Bk 

4* 

XOT. 12 

s 


1 

s 

4'-f' 

Bk 

4-4- 

4* 

7 

Bk 

4- 4- 4- 4- 

1 

s 

4-4- 

Bk 

7 

Ek 

4- 4- 4- 4- 

1 

s 

4'*f 

Bk 

4-4- 


Significance of + to ++++ as in Table I. 


pvi K u rotations of tl 

stiff hydrocephalus, nee 

crief op^thotonos, muscle rigidity an 

1 soon convulsioi 

appeared. 

V who e.xamined tl 

l-iinJ 1 anterior chorioretinitis, b 

t'ho ^ P^'P^i^ral ablatio retinae, atrophy ( 
Bcrlf^'^' strabismus convergens. D 

performed a ventriculograph; 
the displacement and enlargement < 

one '’entricles, especially of the rigl 

hevn^ displaced to the left, J4 inc 

oejond the median line. 

fluid, obtained by vet 
on t puncture, contained xanthochrorr 
ami The reactions of Xonr 

strongly positive, and thei 

ihe*^ ^ smear ( 

le centnfuged sediment of this flui 

u,_ust 7) we found many halfmoon-shape 
parasites resembling toxoplasma. They wei 

row ^ bone-ma 


On .August II, fresh cerebrospinal fluid 
was inoculated intracerebrally into 10 mice; 
8 of them died after 7 to 23 (average 15) 
daj'S, and toxoplasma could be demonstrated 
in the brains. In serial transmissions, the 
length of the incubation period decreased and 
from the third intracerebral passage 100% 
of the mice died after 5 to 6 days. 

Guinea pigs inoculated intracerebrally with 
fresh cerebrospinal fluid from the patient, re- 
mained health}’, but those inoculated with 
toxoplasma-containing mouse brain suspen- 
sions died after 12 to 13 days. 

Dr. .A. B. Sabin kindly provided us with 
a toxoplasma strain of human origin (called 
by us strain S) for comparison with ours 
(strain Bk). We carried out a number of 
neutralization experiments (rabbit skin tests 
as described by Sabin’) with both strains 
which were tested against serum of the in- 
fant’s mother and against U’ophilized toxo- 
plasma immune monkey serum. The latter 

1 Sabin, A. B., Pr.oc. Soc. Exr. Biot., avj, -m-j-d 
1042 , 31 , 0 . ■ ' 
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the primary factor since in the acute starva- 
tion subjects this was at a very high level 
whereas in the semi-starvation subjects it was 
sharply reduced. 

There is the possibility that the decrease 
in the ketosteroid excretion may be explained 
on the basis of a change in the activity of 
the testes. During the semi-starvation ex- 
periment there was a reduction in sexual 
functions as revealed by alteration in libido 
and in the morphology and physiological re- 
sponses of the sperm collected at that time. 
Similar studies were not made in the acute 
starvation experiment, but here, too, at least 
libido was decreased. Other factors than the 
testes may be considered in explaining the 
decrease in ketosteroid excretion observed in 
acute and semi-starvation. This is apparent 
when one considers the marked differences 
in the ketosteroid excretion in these two ex- 
periments. Changes in the function and ac- 
tivity of the adrenals under these conditions 
can only be surmised at the present time. 

The hard physical work in the acute star- 
vation experiment had no influence on the 
ketosteroid excretion since the same work 
was done in the control period. Further- 
more, in other experiments where the same 
work was done while the men were in caloric 


balance, there was no change in the keto- 
steroid excretion. Besides the physical 
“stress” in the acute starvation, both experi- 
ments xyere associated with considerable 
mental “stress” but in spite of this the keto- 
steroid excretion in each experiment de- 
creased. This is contrary to other reports 
in the literature which have emphasized the 
increased ketosteroid excretion in “stressful” 
situations.® 

Summary. The urinary excretion of total, 
neutral 17-ketosteroids was determined in 10 
young men who, over a 6-months period, lost 
24% of their original body weight. The re- 
duction in ketosteroid excretion was 30% of 
the control values. 

Twelve young men performed hard physical 
work during 4 days when they received no 
food. By the fourth day the urinary excre- 
tion of 17-ketosteroids was only 31% of the 
control value. The ketosteroid excretion 
was not influenced by the hard work since 
the subjects were trained to it before the 
start of the fast. 


spincus, G., and Hoaglaud, H., J. Aviaiion 
ared., 1943, 14, 173; Hoagland, H., Science, 1944, 
100, 63; Pinttus, G., in liccciif Progress iii Hor- 
mone Pcscarch, Acad. Press, Inc,, New Tork, 1947 
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Isolation of Toxoplasma from Cerebrospinal Fluid of a Living Infant 

in Holland. 


J. WiNSSER, J. D. Yerlinde, P. H. van Thiel, J. Davel, and P. van der Elst. 
(Introduced by Albert B. Sabin.) 

From the Institute of Preventive Mcelicinc, the Laboratory of Parasitology, riiitrmV.v nf 
Leiden, and the Southern nospital, Jtotterdam, Holland. 


Recent observations raise the supposition 
that to.xoplasmosis is not infrequent in Eu- 
rope. In most of the cases, the parasit(> 
logical confirmation of the clinical diagnosis 
has been made post mortem by the demon- 
stration of toxoplasma in brain sections. 
Toxoplasma have been demonstrated rarely 
in the cerebrospinal fluid during life of the 


patient by microscopic e.xamination and ani- 
mal inoculation. In the summer of 1947, 
however, we succeeded in this. 

Our patient, the second child of apparent- 
Iv healthy parents, was a 6-weeks-old boy 
who did not show any signs of illness during 
the first few weeks of life. On August 7, the 
infant was admitted to the hospital, showing 



ToXOPLASltA Hi 


25S 




Tercpl'i^Tf.a Prs-ntralization 

xeer* in E-ebbit-e. 



EaVcit 

^V/. 

Toxryjtlssns. 

strs-ir. 

Tazc'jita.mul mixed mite 

Bilcrion 

' l:ie 

of tr.'/*r?A 1 


t-.V. '/> 

2C‘3 

El: 

TjT 6 ''ie’'i sot 

-r-r-m-r 

-f-r-r- 

-7- 

— 


El: 


“T~ 




S.3C' 

5 : 

s'/t* 

-m-r 

-r- 

-f 

— 


s 

ifctber's seTcm 





0*5 '■> 

El: 

TxTode'f sol- 

r . > y » 


-r-h 

— 


Ek 

Ir.:nicce vr.orikey sercr: 

-r-r 

-r 

— 

— 


p 

Sfil- 

'T'f — T'T 

— i — i — r 


— 


5 

Ir-crntTr-r xsLf/zkfir s^rcr: 


*7“ 




rrreliicg £r'I E&tri'.sr.*. _ 

2*rrjf?er£t<5 srrelifcs: 

STigL; ETrelltEg. 

• '<0 rr;Sjrtxcr. 


'TABLH H. 

Cra« Irr-Egri:? B':*.7r^6E £.E" S:Kir» f.f Tr-r'-.x/U.rE:;i. 


E.obV:': 

:rr,. 

£ t: 

:r: 



ier. 

' Date 



Bearden 

Sr.rz:T: 'Z-A-.ti'.r. 

230 

Oet. 14 

.S -I— 

E-5-I. 1 

s 

Bi -h 

Vi-2 

;rf-. 12 


i 

c -i-ju 

Bi -r-r 

213 


Kc -rm-r-r 

1 

c 

e:c -f 

2X4 

' 

EV 'r-r-h-r 

i 

c 

B2 -f-— 


SigT.iCtiE'^a a£ ■— to —~ — f — r ic Tab's I. 


tvritcn'mp of arras and lep. rotations of tne 
eye-bai’s, deo-eiopinz r.ydrooepfialuS; ned: 
stiffness, opisthotonos, muscle rizidity and 
scissor stand of the le^p; soon conoralsions 
appeared. 

Dr. C. D. Eint±orst, vrho enatr.ir;ed the 
eyes, diaznosed anterior chorioretinitis, bi- 
lateral peripheral ablatio retinae, atrophy of 
the papillae and strabisraus cono'erzens. Dr. 
Eerfcyens, rrho performed a o'entriailoznaphy, 
reported displacement and enlarzeraent of 
the lateral ventncies. especially o: the rizat 
o.ce vrhich mas displaced to the left. 72 inch 
beyond the median line. 

The cerebrospinal ffuid, r/atair.ed by *.'en- 
trlcular pun-cture, contained nantho-ncrome 
and troptophar.e. The reactions o; Nonne 
and Pandy mere strondy p-O'Sitr.-e. and there 
mere iOO cells per cu ram. In the smear of 
the ccntrifuzed sedi.ment of this ffzid 
(.\i::pzsl ~) me- found m.ar.y rnlfmc-on-shapec 
parasites resembllnn toxoplasma. Thepr mere 
not found in the b!o-od. u.nne and bone-mar- 
rom. 


On Auzust il, fresh cerebrospinal Stiid 
mas inoculated Lntrarerehrally into IG mice: 
£ of them died after 7 to 25 fazeraze 15) 
dao-s, and toxoplasma could be demonstrated 
in the brams. In serial fraramissions, the 
lenmh of the incubation period decreased and 
front the third intracerebral passaze ICG/ij 
of the mdee died after 5 to 6 days. 

Guinea pigs inoculated intracerebrally mdth 
fresh cerebrospirta! fluid from the natrent. re- 
raalr.eyl healthy, but those inoculated mdth 


toxoplasma-coniaininz mouse brain susnen- 
sions died after 12 to 15 dap's. 

Dr. h. B. Sabin klndlp' proodded us mith 
a toxoplasm.a strain of human origin (called 
bp' us strain S; for comparison mith crurs 
fstrain B!-:), V.'e carried out a num.her o; 
neutralization experiments (rabbit shi.-i tests 
by Sabin') mith both st.mi.es, 
mhich mere tested azai.cst serum of the :n- 



lother and against ip-ophllized 
imm.-une m.or.hey serum. The 


toxo- 

jatter 


rSefo, A.: 


ir-tu. 


•~Jr 
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we also received by courtesy of Dr. Sabin. 
The results of the rabbit skin tests are re- 
corded in Table I, from which it becomes 
evident that both of the sera neutralized the 
strains equally (between 10 and SO skin test 
doses). The same was true with sera from 
a group of children suspected of having toxo- 
plasmosis and with sera from their mothers; 
both of the strains were neutralized to the 
same titer. 

Of 16 rabbits used for the skin test, 8 died 
9 to 12 days after the inoculation. At au- 
topsy an enlarged spleen with white foci, con- 
taining toxoplasma, was found regularly. Of 
the 8 surviving animals 4 were re-inoculated 
intracutaneousl}'’ with 0.2 cc of a 10% mouse 
brain suspension at 4 separate spots, in order 
to test cross-immunity. Skin lesions of 
moderate size developed, but without necro- 
sis. The results of the cross-immunity e.x- 
periments are shown in Table II. 

There was no striking difference in the skin 
reactions produced by the strains used. Only 
one of the animals died, but at autopsy no 
lesions specific for toxoplasmosis could be 
found, so that an intercurrent death is sus- 
pected. Evidence of cross-immunity has been 
given by this experiment. 

As no differences in behavior, morphologjq 


\ 

i Bsr 

virulence, cross-neutralization and crossl 
munity between the strains Bk and S cot c 
be observed, we believe that they are clos 
related or even may be identical. , >, 
The infant died on September 2l’ Tret (n 
ment with sulphathiazole M'as not successri I 
At autopsy Dr. H. E. Schornagel found toi>i 
plasma-containing mononuclear infiltrafe 1 
in the meninges, the walls of the ventrids •. 
and the cerebral tissue, and foci of necroi; '■ 
with many mononuclear cells and estrace'la- ; 
lar parasites. In the subcutaneous tissno, 
psoas muscle and the diaphragma, soa'ftoo- 
plasma-containing mononuclear infltalions 
were found. 

Summary. This is a report of a case oi 
toxoplasmosis occurring in Holland in a sk- 
week-old infant, in whom during life two- 
plasma could be shown in the cerebrospinal 
fluid by smear and also isolated by mouse 
inoculation. The serum of the infant’s , 
mother showed a strongly positive neutraliza- 
tion reaction, which was carried out by 
Sabin’s rabbit skin test. In cross-neutraliza- 
tion tests and cross-immunity e.vperiments on 
rabbits, the Dutch strain appeared to be 
closely related, perhaps identical with an 
American one. 


16280 

Diffusion Constants of the E. coli Bacteriophages. 
A. POLSON.* (Introduced by Ralph IV. G. IVyckoff.) 


From the Lahoratory of Physical Biology, 

For determining the diffusion constants of 
substances which can be obtained pure in 
relatively large amounts, the conventional 
optical method of Lamm is most suitable. 
Unstable substances like bacteriophages and 
animal viruses, however, are often irrever- 
sibly altered by the purification procedures, 
and diffusion me asurements on such systems 

•Permanent address: Onderstepoort Veterinary 
Eesearcli Laboratories, South Africa. 


National Institute of Health, Bethcsda, Md. 

are then subject to large errors. The dif- 
fusion of such substances is better investi- 
gated using impure solutions that are quan- 
titatively evaluated through measurements of 
their biological activities. 

Hershey, Kimura and Bronfenbrenner^ 
have estimated the relative sizes of T^ and T- 

1 Hershey, A. D., Kimura, Frances, and Bron- 
fenbrenner, J., Peoc. Soc. Exp. Bioi.. Aim Med., 
1947 , 04 , 7 . 
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Tig. 1. 

Katio Cj,/Cq plotted against the Vt for Tg bacteriophage. 
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Fig. 2. 

Eatio Cp/Cg plotted against the Vt for T 4 bacteriophage. 


bacteriophages against E. coU by measuring 
their diffusion through thin agar, but such 
measurements are difficult to evaluate because 
of the different adsorption of these bacterio- 
phages by the pores of the agar. The present 
paper is a preliminary account of the applica- 
tion of another diffusion technique to a tailed, 
T^, and a tailless, T^, bacteriophage. These 
bacteriophages were chosen to find out if the 
tail influences diffusion as well as to compare 
particle sizes computed from diffusion meas- 
urements with those measured with the elec- 
tron microscope. 

The method is essentially that previously 
employed by the autlior to determine the dif- 
fusion constant of African horse sickness 
larus.- ' The apparatus consists of 4 multi- 

2 Poison, A., A'nturc, 1944, 154, S23. 

2 Poison, A., fortlicoming publication in The 
Onderstepoort Journah 


chambered diffusion cells clamped onto a base 
plate provided with levelling screws. Sharp 
interfaces between bacteriophage and medium 
were formed by filling adjacent cells with 
medium and bacteriophage suspension and by 
rotating the top sections of the cells relative 
to the bottom until the 2 liquids came into 
exact apposition to one another. This was 
done by watching the index lines on the sides 
of the cells. The bacteriophage solution was 
diluted with Ifo glucose broth solution to 
increase boundarj' stability and to insure a 
diffusion process free from disturbances by 
convection. This glucose broth solution, due 
to its higher density than the medium above 
it, forms a sharp boundarj' in the cell; the 
high rate of diffusion of its glucose into the 
broth produces a density gradient in the 
chamber into which the phage diffuses. 

After suitable inten-als the virus that dif- 
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we also received by courtesy of Dr. Sabin. 
The results of the rabbit skin tests are re- 
corded in Table I, from which it becomes 
evident that both of the sera neutralized the 
strains equally (between 10 and SO skin test 
doses). The same was true with sera from 
a group of children suspected of having toxo- 
plasmosis and with sera from their mothers; 
both of the strains were neutralized to the 
same titer. 

Of 16 rabbits used for the skin test, 8 died 
9 to 12 days after the inoculation. At au- 
topsy an enlarged spleen with white foci, con- 
taining toxoplasma, was found regularly. Of 
the S surviving animals 4 were re-inoculated 
intracutaneouslj’’ with 0.2 cc of a 10% mouse 
brain suspension at 4 separate spots, in order 
to test cross-immunity. Skin lesions of 
moderate size developed, but without necro- 
sis. The results of the cross-immunity e.x- 
periments are shown in Table II. 

There was no striking difference in the skin 
reactions produced by the strains used. Only 
one of the animals died, but at autopsy no 
lesions specific for toxoplasmosis could be 
found, so that an intercurrent death is sus- 
pected. Evidence of cross-immunity has been 
given by this experiment. 

As no differences in behavior, morphologj^, 


virulence, cross-neutralization and cross-im- 
munity between the strains Ek and S could 
be observed, we believe that they are closely 
related or even may be identical. 

The infant died on September 21. Treat- 
ment with sulphathiazole was not successful. 
At autopsy Dr. H. E. Schornagel found toxo- 
plasma-containing mononuclear infiltrations 
in the meninges, the walls of the ventricles 
and the cerebral tissue, and foci of necrosis 
with many mononuclear cells and e.xtracellu- 
lar parasites. In the subcutaneous tissue, the 
psoas muscle and the diaphragraa, some toxo- 
plasma-containing mononuclear infiltrations 
were found. 

Summary. This is a report of a case of 
toxoplasmosis occurring in Holland in a si.\- 
week-old infant, in whom during life toxo- 
plasma could be shown in the cerebrospinal 
fluid by smear and also isolated by mouse 
inoculation. The serum of the infant’s 
mother showed a strongly positive neutraliza- 
tion reaction, which was carried out by 
Sabin’s rabbit skin test. In cross-neutraliza- 
tion tests and cross-immunity e-xperiments on 
rabbits, the Dutch strain appeared to be 
closely related, perhaps identical with an 
American one. 
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Diffusion Constants of the E. colt Bacteriophages. 

A. PonsoN.* (Introduced by Ralph W. G. Wy'ckoff.) 

From the Lahoratory of Physical Biology, FTational Institute of Health, Bethcscia, Mcl. 


For determining the diffusion constants of 
substances which can be obtained pure in 
relatively large amounts, the conventional 
optical method of Lamm is most suitable. 
Unstable substances like bacteriophages and 
animal viruses, however, are often irrever- 
sibly altered by the purification procedures, 
and diffusion measurements on such systems 

‘Permanent address: Onderstepoort Veterinary 
Besearch Laboratories, South Africa. 


are then subject to large errors. The dif- 
fusion of such substances is better investi- 
gated using impure solutions that are quan- 
titatively evaluated through measurements of 
their biological activities. 

Hershey, Kimura and Bronfenbrenner^ 
have estimated the relative sizes of and T- 

1 Hershey, A. D., Kimura, Prances, and Bron- 
fenbrennor, J., Pnoc. Soc. Exp. Biol, and Med., 
1947 , 04 , 7 . 
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Batio Gjj/Cq plotted against the Vt for T 3 bacteriophage. 
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chambered diffusion cells clamped onto a base 
plate protided with levelling screws. Sharp 
interfaces between bacteriophage and medium 
were formed by filling adjacent cells with 
medium and bacteriophage suspension and by 
rotating the top sections of the cells relative 
to the bottom until the 2 liquids came into 
exact apposition to one another. This was 
done by watching the index lines on the sides 
of the cells. The bacteriophage solution was 
diluled with l^c glucose broth solution to 
increase boundarj- stability and to insure a 
diffusion process free from disturbances bv 
convection. This glucose broth solution, due 
to its higher density than the medium above 
it. forms a sharp boundary- in the cell; the 
high rate of diffusion of its glucose into the 
broth produces a density gradient in the 
chamber into which the phage diffuses. 


Alter suitable inter\-als the \-irus that dif- ' 
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TABLE I. 


Phage 

D X 10" cin2/sec(obs.) 

Vm 

T 

Particle ■_ 

^ cm2/sec(corr.) diameter in 

Ts 

1.19 

0.0101 

295 

1.19 36.2 

T4 

0.798 

0.0101 

295 

0.798 53.0' 


* Tills figure is an equivalent spherical diameter^ since this phage due to its tail, is - 
obviously non-splierieal. 


fused past the initial boundary was isolated 
from that in the bottom by rotating the top 
sections to their cut-off position. The phage 
contents of the diffusates as well as of the 
original material in the lowest section were 
then determined by the usual plaque-count 
method. 

The results are given in graphical form in 
Fig, 1 and 2, where the ratios of concentra- 
tion in the diffusates Cd to that in the original 
material Co are plotted against the square 
root of t, the time in hours. It is clear from 
these figures that Cd/Co is a linear function 
of Vt, a necessary requirement from the laws 
of diffusion in solutions. 

Average diffusion constants were calculated 
from these data using the equation;® 

H2ff 

D = (VOo)2 . 

where t is the time of diffusion in seconds, 
and H is the height of the column of liquid 
above the original boundary, regarding the 
chambers in the diffusion cells as cylinders. 
The value of H in these experiments has been 
3 cm. Diffusion constants at the tempera- 
ture of the experiment (22°C) calculated in 
this way are given in the second column of 
Table I. Constants for 20° C have been cal- 
culated from these with the expression: 


293°b: ijm 


where Deoo is the diffusion constant at 20°C 
Vm is the viscosity of the medium, ant'-/^^ 
Vw is the viscosity of water at 20°C. 

Particle sizes were computed from the well-;':'.: 
known Einstein equation for the diffusion of- ;'; 
a spherical particle: -7 

^ ET 1 

K" 6 TT r t? 

where R is the gas constant, T is the absfr 
lute temperature, N is Avogadro’s number, 
r is the radius of the particle, and n is 
viscosity of the medium. This yields the 
diameters of the last column of the table. 
They are to be compared with the diameters 
of Ts, 45 m/i, and of Tr, 65 x 80 mu, as 
measured from previous electron micro- 
graphs.^ 

It is clear that the tail of the bacteriophage 
T4 does not contribute to its motion in a 
liquid medium. The slightest propulsion that 
such a tail might give the particle would have 
increased its diffusion constant tremendously 
since diffusion increases as the square of the 
distance moved in Browmian motion. 


4 DelbrUck, M., Biol. Rev., 194C, 21, 30. 
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A Free Swing Writer for Recording With Very Light Pressure on a 

Smoked Surface. 


Albert E. Afford. (Introduced by S. Goldschmidt.) 

J-rom tl,e Beparimeni of Rhysiology, School of Mcmcine, UniversiUj of Fcnnsylvanla. 


The writing device to be described was de- 
veloped for use in situations where record- 


in'^ on a smoked surface was unsatisfactory 
wilb the conventional type of “fixed” writing 


Feee Svtikg Lev.' Feictiok Whites 



point, became oi iriciional resistance. It has 
pro-.-^ to be eminently more satisfacton-. in 
the hands of studenU, than anv deface liere- 
to.ore used. Thh is especiallv true in 
recoramg o: arterial and jugular pulse trac- 
mgs (Fig. 2) and esophageal, gastric and 
duodenal mm-e.ments in man. It alone has 
gnen acceptable tracings of the movem<^nts 
o. an e.tcised heart of a dam (venus mercen- 
-na) (Fig. a). Tne dedee (Fig. 1) is ex- 
ce^ingly simple and can be assembled in anv 
^o.aor>-. Tne writer is a short lenath (i 
of aluminum wire (24 sauce) bent to 
'Orm an angle of approiimatelv 60- in a 
P^.e at right angles to its point of rospen- 
yon. pe angle of tne wire fomis the writ- 
'•'g surtace. The pressure of the writer on 





Kwr'swir-!; 


eieiorii h< 


of a cla- 


lever. ^ to Hgbt 

t-'ie -kj-mograph paper mav be varied bv 
ing the angle and the lensth oi the 

bi>-= of pteflciS 

T-oe OTtK is attoch'ed srij dlKou’t'" 
ce.ment or sealing wa-r ‘o u 

'^•n) or glass tubular bead tr 
smoothed at the ends. wS-h nl 
freely over a bras^ n'pie^ ■ ^ moves 
“^--P-ated pm about 2 cm 
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Free Swing Low Friction Writer 
TABLE I. 


PJiage 

D X 101 ein2/sec(obs.) 



P-article 

’Ira 

T 

®20 ^ cm2/sec(corr.) diameter in mu 

Ts 

1.19 

0.0101 

295 

1.19 3(i.2 

T^ 

0.798 

0.0101 

295 

0.798 55.0* 


* This figure is an equivalent spherical diameter, since this phage T^, due to its tail, is 
obviously non-spherical. 


fused past the initial boundary was isolated 
from that in the bottom by rotating the top 
sections to their cut-off position. The phage 
contents of the diffusates as well as of the 
original material in the lowest section tvere 
then determined by the usual plaque-count 
method. 

The results are given in graphical form in 
Fig. 1 and 2, where the ratios of concentra- 
tion in the diffusates Cd to that in the original 
material Co are plotted against the square 
root of t, the time in hours. It is clear from 
these figures that Cd/Cq is a linear function 
of Vt, a necessary requirement from the laws 
of diffusion in solutions. 

Average diffusion constants were calculated 
from these data using the equation 



where t is the time of diffusion in seconds, 
and H is the height of the column of liquid 
above the original boundary, regarding the 
chambers in the diffusion cells as cylinders. 
The value of H in these e.\-periments has been 
3 cm. Diffusion constants at the tempera- 
ture of the experiment (22 °C) calculated in 
this way are given in the second column of 
Table I. Constants for 20°C have been cal- 
culated from these with the expression: 


293 °K ,, m 


where D 200 is the diffusion constant at 20®C, 
Vm is the viscosity of the medium, and 
is the viscosity of w’ater at 20°C. 

Particle sizes were computed from the well- 
knowm Einstein equation for the diffusion of 
a spherical particle: 

KT 1 
K C r r ^ 

where R is the gas constant, T is the abso- 
lute temperature, N is Avogadro’s number, 
r is the radius of the particle, and v is the 
viscosity of the medium. This yields the 
diameters of the last column of the table. 
They are to be compared with the diameters 
of Ts, 45 ni/i, and of Ti, 65 x SO mp, as 
measured from previous electron micro- 
graphs.'* 

It is clear that the tail of the bacteriophage 
T 4 does not contribute to its motion in a 
liquid medium. The slightest propulsion that 
such a tail might give the particle would have 
increased its diffusion constant tremendously 
since diffusion increases as the square of the 
distance moved in Brownian motion. 

* Delbruck, M., Biol. Rev., 1940, 21, 30. 
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A Free Swing Writer for Recording With Very Light Pressure on a 

Smoked Surface. 

Albert E. Afford. (Introduced by S. Goldschmidt.) 

From the Deportment of PhpsioloffP, School of Sfedicine, DniversiUj of FennspUania. 

The writing device to be described was de- ing on a smoked surface w.y unsatisfa^^^^^^ 

veloprf for L in situations where record, with the coovent.onal t,po of f.aed wr.t.oB 
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1 observed. 

he’ neuro-vasopressor reflex originated by 
lulation of the central end of the vagus 
j.:arcely altered in the dog pretreated vrith 

f- 28 . 

(The diphasic hypertension following elec- 
& stimulation of the splanchnic nen’e, in 
;3anal dogs, is dissociated into a monophasic 
is and a secondary'^ fall of blood pressure 
liter injection of 1 mgAg SY-2S. No re- 
ersal of the initial neuro-vasopressor re- 
ponse of sympathetic origin occurs. 

3. Effects on hypertensive substances 
Intravenous injection of 1 mgAg SY-28 
reverses the vasoconstrictor effects of epin- 
Ephrine and inhibits its tachycardic action. 

Same doses reduce or abolish the vasopres- 
Mr effect of nicotine, ephedrine and veritol 
(^-p-oxy^phenyl-isopropylmethylamine) , but 
never induce a vasodilator response. 

The hj’pertensive action of acetylcholine, 
in the atropinized dog, persists after injec- 
tion of SY-28. 

_ The vasopressor action of levo-arterenoU 
b notably depressed, at a time when neuro- 
vasopressor effects of sympathetic origin are 
nearly normal and epinephrine reversed by 

SY-28. 

B./ /?-(2-biphenyloxyethyl)-n-butyl-^-chlo- 

roethylamine HCl (SY-30). 

According to Loew’s and our observations, 

t Kindly provided by 31. L. Tainter (Science, 
107, 39). 


the pharmacological actions of SY-30 and 
SY-28 are similar, the SY-30 being less active. 

Intrav'cnous injection of 5 to 10 mg/kg has 
no immediate effect on blood pressure and 
heart rate, whereas intra-arterial injection 
produces a marked local vasodilatation, often 
preceded by a slight vasoconstriction. Later 
on the general blood pressure decreases pro- 
gressivehL 

Vasopressor effects of carotid sinus origin 
are rapidly depressed but not reversed. Simi- 
larly, the neuro-vasopressor responses due to 
stimulation of the splanchnic nerve or other 
sympathetic nerves, may' be diminished, but 
are never reversed after injection of SY-30. 

While epinephrine hypertension is reversed 
and its tachycardic action completely abol- 
ished, the vasopressor activity of ephedrine, 
nicotine, dl-arterenol, acetylcholine (after 
atropinization) is weakened or blocked. 

Finally', SY-30 paralyzes the carlo-accel- 
erator nen’es. 

Summary. The experiments showed 
that a - naphtylmethylethyl - /? - bromoethy'l- 
amine (SY-28) and ^-(2-biphenyIoxy'ethyI)- 
n-buty!-j8-chloroelhylamine (SY-30) are very 
active adrenolytic agents, with a weak sym- 
pathicolytic effect. The present and previous 
e.\-perimental observations once more demon- 
strate a marked dissociation between the 
vascular action of epinephrine and the neuro- 
vascular sy'mpathetic transmission of e.xcita- 
tions. 
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Effect of Muscle Work Upon Level of Blood Glucose in the 
Eviscerated Rat. 


Dw'ight J. Ingle. 

rrom the J.'eecarch Lahoratorics, The Upjohn Company. Kalamacoo, Mich. 


These experiments show that faradic st 
ulation of the gastrocnemius muscle acce 
ates the rate of fall of blood glucose in e 

ccrated and evu-'cerated-nephrectomized r 

Methods. AMc mts of the Sprague-D 
Icy strain were fed Friskies Dog Cubes 


weight of 185 to 205 g, the inferior vena 
cava was ligated between the liver and kid- 
neys to cause the development of a collateral 
circulation. .Asepsis was preserved. When 
the animals reached 265 to 310 g thev were 
anesthetized (cyclopal sodium) and eviscer- 
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On New Adrenolytic Compounds 


long. This pin serves as a shaft or axle for 
the glass bearing to which the writer is 
cemented. Very smooth glass beads (1 mm 
bore, 2 mm long) on either end of the glass 
bearing hold it in' place and prevent side mo- 
tion. The pin is inserted into the end of a 
reed (1 mm bore, 8 cm long) such as is or- 
dinarily used in kymograph recording. This 
reed is attached as usual to the recording tam- 
bour. Made and suspended as described 


above, the writer is free swinging and adapts 
itself to an uneven surface with uniform and 
minimal frictional resistance. 

Summary. A free swinging writer which 
records on smoked surfaces with a minimum 
of frictional resistance is described; its con- 
struction is explained and illustrated. Speci- 
men tracings of difficult recordings are il- 
lustrated. 
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On New Adrenolytic Compounds,'* 

G. R. De Vleeschhouwee. (Introduced by C. Hetmians.) 

From the J. F. Sei/mans Institute of FharmacoXogy, University of Ghent, Scigiuin. 


In previous papers^ we have demonstrated 
that several so-called sjunpathicolytic sub- 
stances have mainly adrenolytic properties. 
In fact, these substances (benzodio.xanes, di- 
benamine, dihydroergotamine, corynanthine) 
reverse the epinephrine-hypertension, but do 
not suppress sympathetic-vasopressor effects. 

The present experiments were undertaken 
w'ith tw’o new synthetic compounds: o-naph- 
tylmethyleth 3 d-j 8 -bromoethylamine HBr (SY- 
28) and ;S-{2-biphenyloxyethyl)-n-butyl-/3- 
chloroethylamine HCl (SY-30).l 

- ,1 1__:— 1 properties of these 

by Loew, Achenbach 

and hlicetich.-’®'^ 

Methods. The experiments were per- 
formed on chloralosed dogs. The blood pres- 
sure was recorded from a femoral artery. All 

* Aided by grants of tbe EJla Saebs Piotz Foun- 
dation, New York. 

t Kindly supplied by Dr. Earl Loew and Farke, 
Davis & Co. 

1 De Vleescbbouwer, G. H., C. S. Soc. Biol., 1933, 
115, 187; 1934, US, 1247; 1935, 118, 792; Arch, 
int. FharmacoHyn. et Ihcr., 1935, 50, 251; Peoc. 
Soc. E.\-p. Biol, axu Med., 1947, 66, 151; in press. 

2 Loew, Earl E., and Miceticli, A., Fed. Froc., 
1947, C, 351. 

s Acbenbacli, P., and Loew, Earl E., Fed. Froc., 
1947, 6, 304. 

4 Loew, Earl E., personal connnunication. 


drugs were injected intravenously and some- 
times intra-arterially. 

Results. A./a-naphtyImethy]ethj'l-j 8 -bro- 
moethjdamine HBr (SY-28). 

1. Effects on blood pressure, heart rate 
and respiration. Intravenous injection of 1 
mgAg SY-28 produces an instant, moderate, 
transient hypotension and no change of heart- 
rate. The respiration becomes slow and ir- 
regular during the injection, but after a few 
minutes the dog is breathing normally. 

Intra-arterial injection of small quantities 
of SY-28 (the animal being prepared accord- 
ing to the 3-manometers-method^) induces a 
marked and local vasodilatation. 

Some hours after intravenous injection of 
SY-2S, one remarks a slow and progressive 
fall of blood pressure. This corroborates 
Loew’s observations, but we believe this hj'po- 
tension to be due to a central depressing ac- 
tion of the drug. 

2. Effects upon ncuro-vasomotor reactions. 

The vasopressor and vasodepressor refle.xes 

of carotid sinus origin are slightly depressed 
after injection of 1 mgAg SY-2S, while vaso- 
pressor effects of epinephrine are completely- 
reversed. .Although reversal of carotid sinus 
vasopressor reflexes never appears, a slow 
progressive depression of these refle.vcs has 

"sNoif, P., Btdl. Acad. T.oy. Bely., lOOvirioA 



Glucose ix Working Eviscerated Rat 


299 


been observed. 

The' neuro-vasopressor reflex originated b}' 
stimulation of the central end of the vagus 
is scarcely altered in the dog pretreated vith 
SY-28. 

The diphasic hjiiertension follovring elec- 
tric stimulation of the splanchnic nerve, in 
normal dogs, is dissociated into a monophasic 
rise and a secondary fall of blood pressure 
after injection of 1 mgAg SY-28. No re- 
versal of the initial neuro-vasopressor re- 
sponse of sympathetic origin occurs. 

3. Ejects on hypertensive substances 
Intravenous injection of 1 mg/kg SY-28 
reverses the vasoconstrictor effects of epin- 
ephrine and inhibits its tachycardic action. 

Same doses reduce or abolish the vasopres- 
sor effect of nicotine, ephedrine and veritol 
(/?-p-oxyphenyl-isopropylmethylamine) , but 
never induce a vasodilator response. 

The hypertensive action of acetylcholine, 
in the atropinized dog, persists after injec- 
tion of SY-28. 

The vasopressor action of levo-arterenolt 
is notably depressed, at a time when neuro- 
vasopressor effects of sympathetic origin are 
nearly normal and epinephrine reversed by 
SY-28. 

B-/ ^-(2-biphenylox^mthyl) -n-but}d-^-chlo- 
- roethylamine Hcf (SY-30). 

According to Loew’s and our obsersmtions, 

t Kindly provided by M. L. Taintcr (Science, 
19tS, 107, 39). 


the pharmacological actions of SY-30 and 
SY'-28 are similar, the SY’‘-30 being less active. 

Intravenous injection of 5 to 10 mg/kg has 
no immediate effect on blood pressure and 
heart rate, whereas intra-arterial injection 
produces a marked local vasodilatation, often 
preceded b}'^ a slight vasoconstriction. Later 
on the general blood pressure decreases pro- 
gressively. 

Vasopressor effects of carotid sinus origin 
are rapidly depressed but not reversed. Simi- 
larly, the neuro-vasopressor responses due to 
stimulation of the splanchnic nerve or other 
S3mipathetic nerves, may be diminished, but 
are never reversed after injection of SY-30. 

While epinephrine h 3 rpertension is reversed 
and its tachycardic action completely abol- 
ished, the vasopressor activity of ephedrine, 
nicotine, dl-arterenol, acetylcholine (after 
atropinization) is weakened or blocked. 

Finally, SY''-30 paralyzes the cario-accel- 
erator nerves. 

Summary. The e.xperiments showed 
that a - naphtylmethylethyl - yff - bromoethyl- 
amine (SY’-28) and ^-(2-biphenjdoxj’ethyl)- 
n-butyl-)S-chloroethjdamine (SY-30) are verj' 
active adrenolytic agents, with a weak sym- 
pathicolytic effect. The present and previous 
e.\'perimental observations once more demon- 
strate a marked dissociation between the 
vascular action of epinephrine and the neuro- 
vascular sympathetic transmission of excita- 
tions. 
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Effect of Muscle W'’ork Upon Level of Blood Glucose in the 
Eviscerated Rat. 


Dwight J. Ingle. 

From the Itcscorch Zdboratorics, The Upjohn Company, Kalamazoo, jiticti. 


These experiments show that faradic stim- 
ulation of the gastrocnemius muscle acceler- 
ates the rale of fall of blood glucose in evis- 
cerated and eviscerated-ncphrectomized rats. 

Methods, Male rats of the Spracue-Daw- 
ley strain were fed Friskies Dog Cubes. At a 


weight of 185 to 205 g, the inferior vena 
cava was ligated between the liver and kid- 
neys to cause the development of a collateral 
circulation. Asepsis was preserved. When 
the animals reached 265 to 310 g thev were 
anesthetized (cyclopal sodium) and eviscer- 
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Pm. 1. 

The eSect of irork upon the level of blood glucose in eviscer.nted and eviscerated-ncphrcc- 
tomized rats. Averages and range. Ten pairs of rats were used in each c.vperiincnt. 


ated b}"- the method of Ingle and Griffith.^ 

In Exp. 2 the kidneys were removed at the 
time of evisceration. Immediately following 
the operation the animals were prepared for 
the stimulation of the gastrocnemius muscle 
to lift 100 g 3 times per second, according 
to the procedure of Ingle." The animals were 
closely matched into pairs on the basis of 
body weight. One animal of each pair was 
subjected to work, and the second was kept 
w’ithout the weighting or stimulation of the 
muscle. Glucose was determined on tail 
blood by the method of Miller and Van 
Slyke.® 

Experiments and Resnlfs. Ten pairs of 
rats were used in Exp. 1. One rat of each 
pair was subjected to stimulation of the gas- 

1 Ingle, D. J., and Griffith, J. Q., Chapter 16, 
The Sat in Laiaratort/ Investigation, J. B. Lip- 
pincott Co., Philadelphia, 1940. 

single, B. J., Sndocrinology, 1944, 34, 191. 

3 Miller, B. P., and Van Slyko, D. D., J. Siol. 
Chan., 1936, 114, 083. 


trocnemius muscle for 180 minutes. Samples 
of blood were taken from each animal at the 
end of 60, 120 and 180 minutes following 
evisceration. 

Ten pairs of eviscerated-nephrectomized 
rats were used in E.xp. 2. One rat of each 
pair w’as subjected to the stimulation of 
muscle for 120 minutes. Samples of blood 
■were taken 30, 60, 90 and 120 minutes fol- 
lowing evisceration. 

The data are summarized in Fig, 1. The 
rates of work and levels of blood glucose de- 
creased more rapidlj’- in the eviscerated-neph- 
rectomized rats than in the eviscerated rats. 
In both series of animals the fail in blood 
glucose was accelerated by the stimulation of 
muscle. All of the “work” series developed 
convulsions and fatal hypoglycemia before 
convulsions were shown b}' any of the “no 
work” series. 

Comment. The effect of nephrectomy in 
hastening the onset of hjTioglycemia in the 
rat was previously known.'* Although the 
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eviscerated rat lacks a pancreas and its hor- 
mone, insulin, it is capable of utilizing some 
glucose, as is readily shown when the organs 
responsible for the endogenous formation of 
glucose, i.e., the liver and kidneys, are absent. 
The rate at which such animal removes glu- 
cose from the blood is further accelerated by 

4 Keinecke, B. M., Am. J. I'hysiol., 1942, 130, 
167. 


muscular work. We propose to study the 
effect of muscle wmrk upon the glucose load 
which the eviscerated rat can tolerate in the 
presence and absence of insulin. 

Smnmary. In eviscerated and in eviscer- 
ated-nephrectomized rats stimulation of the 
gastrocnemius muscle accelerates the fall of 
blood glucose and shortens the time of sur- 
vival. 
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Enhancing Effect of Mg^ on Clotting Activity of Ca 
Frank Maltaner. 

From the Division of Zahoratorics and Fcscarch, Xew Yorl: State Department of Health, AlVanp. 


Recent studies^ on the activating effect of 
metallic salts on the hemolytic function of 
complement led to the conclusion that free 
bivalent cations were essential to the process 
and that the importance of Mg*'" was more 
decisive than Ca'"* or other cations studied. 

In previous publications we have reported 
experiments indicating a close correlation be- 
tween cephalin and Ca** and their role in 
the coagulative and complementary activities 
of blood plasma or serum.-"^ Moreover, in 
the clotting process the action of ionized cal- 
cium salts has been shown to be highly specific 
in that salts of even closely related elements, 
strontium and barium, had relatively little ef- 
fect. 

It seemed of importance therefore to deter- 
mine whether magnesium, although inactive 
alone, might enhance the coagulative activity 
of calcium for plasma or serum. 

The technic used in these experiments was 
similar to that described previously® except 
for the use of guinea pig plasma instead of 

1 M.arcr, M. Jt., Osier, A. G., Bier, O, G., and 
Ilcidclbcrgcr, M., J, Zxp. Hcd., 1046, 84, 535. 

~ Wndsn'Ortli, Augustus, JI.^U.^llcr, Frank, and 
Maltaner, EUiabctU, J. Immunol., 1036, 30, 417. 

sWadswortli, Augustus, M.alt.anor, Frank, and 
Maltaner, Elizabctli, J. linmvnol., 1037, 33, 297. 

4 WadsiTortli, Augustus, Maltaner, Frank, and 
.Maltaner, Elizabetli, Am. J. Fhlisiol., 1037, 110, SO. 


rabbit plasma. Two preparations were em- 
ployed: a 0.1% cell-free o.valated plasma for 
determining the direct coagulating effect of 
Ca** or other ions and a more strongly oxa- 
lated and diluted plasma, the dio.xalated plas- 
ma of Bordet and Delange® ivhich is more re- 
sistant to clotting by direct recalcification and 
provides a satisfactory reagent for the detec- 
tion of “thrombin” activity. 

Oxalatcd plasma was obtained by bleeding 
from the carotid arterj’^ over paraffined .sur- 
faces into 1% sodium oxalate containing 0.5% 
NaCl, 1 part to 9 parts of blood, and removal 
of cells and platelets bv centrifugation at 
2°-6°C. 

Dhxalatcd plasma was prepared by mixing 
1 volume of cell-free o.xalated plasma with 4 
volumes of 0.2% sodium oxalate containing 
0.85%NaCl. 

The solutions of hlgClo and CaCU were 
prepared by diluting molar solutions with 
0.85% saline. 

The cephalin was a 0.01% solution of phos- 
phatidyl serine in 0.85% saline. 

In the e.xperiments of Fig, 1, 0.1 ml amounts 
of the molar concentrations of CaCl; or 
hlgClj indicated were used, the volume was 
made up to 0.6 ml with saline and 0.1 ml of 

a Bordet, J., and Dcbngc, L., Ann. de I’Jnstitui 
Pasteur, 1012, 2C, 657. 
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Fxo. 1. 

The enliancing effect of JlgClj on t!ie coagulation of recalcified osalated guinea pig plasma. 
No clotting rvas oljserved Tvith any concentration of MgClo Tvithout CaClo during tiro hours’ 
observation. 0.00125 molar CaCl, alone failed to dot vritliin 2 hours. 


o.\-a]ated plasma was added. Thus the ef- 
fective molar concentration was one-seventh 
of that indicated in the figure. The tubes 
were placed in a 37°C water bath and clotting 
times determined. 

In the experiments of Fig. 2 the quantities 
of guinea pig complement indicated were 
pipetted from 1:10 and 1:100 dilutions in 
saline, 0.1 ml of 0.00125 molar CaCls and 
0.1, 0.2, 0,3, or 0.4 ml of 0.00125 molar 
IMgClc were then added, and finally O.l ml of 
a 0.of% solution of pfaosphatid}’! serine. The 
volume was brought to 0.6 ml with saline. 
The effective molar concentration of CaClc 
or MgClc was thus one-sixth of that indi- 
cated in the figure. Mixtures were incubated 
6 minutes in a 37‘’C water bath, 0.1 ml of 
the oxalated and diluted plasma was then 
added, and the clotting time determined. In 


the absence of complement the indicated 
amounts of other reagents, either alone or in 
combination, had no clotting action on di- 
oxalated plasma nor did the complement 
alone have such activity. 

The enhancing effect of MgCla on the 
coagulation of recalcified cell-free oxalated 
guinea pig plasma is illustrated in Fig. 1. 

The effect of MgCk on the clotting activity 
of guinea pig serum (complement) resulting 
from preliminary incubation of the serum 
with cephalin and CaCla, the so-called pro- 
thrombin activation, is illustrated in Fig. 2. 
These results were obtained with minimum 
quantities of CaCb. Similar results were 
obtained when larger doses of CaCb were 
used but the effect of MgCb did not appear 
so great as the optimum dosage of CaCb 
was approached. 



CLOTTING TIME OF DIOXALATE PLASMA-MINUTES^ 
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Fig. 2. 

Enliancemcnt of clotting activity of serum (complement). Xo clotting was observed with 
0.00500 molar MgClo without CaClj during 2 hours’ observation. 0.00125 molar CaClo alone 
failed to clot within" 2 hours. 


Conclus'wm. The results of the experi- 
ments demonstrated that whereas ionized 
magnesium salts (^IgCle) alone do not pos- 
sess the coagulative activity of calcium salts, 
they do markedly enhance the effect of cal- 
cium. The enhancement is more apparent 
when the Ca ion concentration is relatively 
low and the concentration of magnesium 
salts exceeds that of calcium salts. Thus 


the action of is secondary or acces- 

sory, the more essential and decisive role in 
clotting being played by Ca**. 

The parallelism between the enhancing 
effect of IMg** in the coagulative and the 
complementary activities of the blood pro- 
vides additional support for the close rela- 
tionship of these two phenomena. 
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Nutritional Requirements of Trichomonas vaginalis.^ 

Alfred B. Kupferberg, Garth Johnson, and Herbert Sprince. 
From the Division of mcrohioiogy, Ortho Research Foundation, Fariian, F.J. 


Very little is known about the growth fac- 
tor requirements of Trichomonas vaginalis. 
In an introduction to the study of growth 
factor effects Johnson^ observed that ascorbic 
acid, glutamic acid and choline had a stim- 
ulating effect upon cell multiplication, and 
that where nicotinamide, folic acid and ap- 
proximately 10% human serum were em- 
ployed liver infusion was satisfactorily re- 
placed.^ Sprince and Kupferberg- reported 
a medium which could be used as a starting 
point for the development of a chemically 
defined culture fluid for the sustained growth 
of Trichomonas vaginalis. A highly complex 
medium was devised with numerous growth 
factors included. In these two studies mate- 
rials of natural origin were added to the 
media in such concentrations as to mask the 
essentialitj'- of added known growth factors. 
It is the purpose of the present study to 
demonstrate that by reducing the serum and 
tr 3 'pticase content of the medium of Sprince 
and Kupferberg a requirement for panto- 
thenic acid and for phosphate was established 
for Trichomonas vaginalis. It was thought 
that an effort to simplify the above culture 
medium might reveal a requirement for cer- 
tain of the component growth factors. Fur- 
thermore, the need for a medium to be used 
for routine maintenance of cultures as well 
as for testing the antitrichomonas activity of 
compounds made a cheaper medium desir- 
able. The present study reports the effects 
of withdrawal of the above growth accessory 

’■ Tlie teclmieal .nssistaiice of Sirs. Slary Wil- 
liams, Sliss Butli Grossman, .nnti Mr. LeEoy Marklc 
is liercbr acknoivletlgea. 

We wish to tliank tlio staff of tiie Dirisioii of 
B.'ieteriology .and Serology of the State of Nen 
Jersey Department of Health, Trenton, for gen- 
erous amounts of human blootl scrum. 

1 Johiisoii, J. G., J. Parasitol, 194", S3, 189. 

- Sprince, H., and Kupferberg, A. B., J. Fact., 
1947, 53, 435. 


substances upon cell multiplication of bac- 
teria-free Trichomonas vaginalis. 

Methods. Strain No. 2 of bacteria-free 
Trichomonas vaginalis was used as the test 
organism. The basal medium consisted of 
the basal trypticase medium previously re- 
ported by Sprince and Kupferberg.- The 
inoculum was prepared by washing cells 
grown for 48 hours in the trypticase medium. 
This was accomplished by centrifuging and 
resuspending in sterile Ringer’s solution 4 
times. The population was not adjusted. 
The inoculum consisted of 0.03 ml of the 
washed suspension. Five tubes were em- 
ploj'ed for each experimental series e.xcept 
where otherwise indicated. The contents 
of the tubes were agitated with the tip of 
the pipette in order to disperse the serum 
and inoculum. Subcultures were made at 
48 hour intervals. Populations were deter- 
mined by hemocytometer count in the sec- 
ond transplant following the first cuJture. 
This medium contained 2 ingredients of natu- 
ral origin, serum and trypticase. An effort 
was first made to determine the minimal 
amounts of serum required for sustained cul- 
ture in order that sensitivity to withdrawal 
of the known vitamins might be determined. 

Effect of reduction of serum concentration. 
In order to increase the accuracy of measure- 
ment the serum was first diluted to various 
concentrations in 100 ml of modified Ringer’s 
solution containing 0.6% NaCl and 0.01% 
NaHCOs, KCl and Caa 2 . The diluted 
serum was then added in 2 ml volumes after 
Seitz filtration. The effects of graded 
amounts of human serum upon cell multi- 
plication are shown in Table I. Similar re- 
sults were obtained in a duplicate series. 
Since the cell counts in cultures containing 
0,05 ml of serum were more uniform than 
those in which the minimal 0.03 ml was 
used, it was decided to employ 0.05 ml in 
the e.vperiments to follow. 
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TABLE E 

Effect of Graded Amonnts of Serum on Cell Multiplication of Trichomonas vaffinaUs. 


in undiluted 
serum per 10 ml 
final medium 

Population in second transplant at 
Cultures 

48 lir (cells/mmS)* 

f 

1 

Ct 

3 

4 

5 

01 

0 

0 

0 

0 

0 

03 

31 

57 

101 

112 

88 


470 

410 

240 

450 

440 

07 

1310 

1240 

700 

1190 

760 

10 

1910 

1440 

1860 

2090 

2190 

1.0 

2510 

2470 

2310 

2270 

2310 


* Similar results were obtained in a duplicate scries. 


TABLE n. 

Effect of Omission of Vitamins in Groups, 

Population of Trichomonas vaginalis in second transplant 
at 48 hr (cel!s/mm3)* 

Cultures 


1 2 3 4 5 


Control 350 190 280 360 2S0 

” minus Group AO 0 0 0 0 

>> ” >’ B 390 460 190 400 400 

>> >> >» C 440 450 440 4S0 400 


• Similar results were obtained in a duplicate series. 


The cjjcct of •withdrawal of known growth 
factors. These materials tvere first deleted 
in groups. Where populations were affected 
by the withdrawal of a group of compounds, 
the effect of withdrawal of individual com- 
pounds was then e.vplored. 

Results. Preliminar\' studies showed that 
thiamine HCl, p-aminobenzoic acid, pt'ri- 
doxine HCl, pyridoxamine HCl, pj’rido.xal 
HCl and inositol were not required for sus- 
tained growth in the presence of tripticase 
and serum. The withdrawal of sodium 
acetate, sodium bicarbonate, asparagine, ri- 
bose, adenine sulfate, guanine HCl, xanthine, 
and uracil was also without effect upon the 
growth of Trichomonas vaginalis. These 
materials were therefore deleted in the fol- 
lowing study of essentiality of vitamins. In 
the e.xperimental studj- upon -withdrawal of 
3 groups of vitamins, however, a specific 
vitamin requirement was uncovered. The 
compounds in this study were grouped as 
follows with the amount of each given in /<g 
per 10 ml of final medium; A. Choline 80 
Pg, riboflavin S.O pg, calcium pantothenate 
3.2 /ig, nicotinic acid 3.2 pg; B. Biotin O.S 
pg, folic acid O.S /ig; C. Ascorbic acid 1000 


Pg. The control medium contained groups 
.A, B, and C plus trjpticase 2^o and serum 
0.5%. Agar, maltose, cysteine HCl, and 
Ringer’s were present in the same concentra- 
tions as in the original tiy^pticase medium. 
These groups were then withdra-wn from the 
medium separately. The results obtained 
are shown in Table II. 

It is demonstrated in Table II that one 
or more vitamins in Group .A are essential. 
Growth equal to that of the control was 
obtained where Groups B and C -were omitted 
from the medium. The vitamins in Group 
,A, namely: choline chloride, riboflavin, cal- 
cium pantothenate and nicotinic acid were 
then -withdrawn singly. The effect of single 
omissions of these 4 vitamins may be noted 
in Table III. From these data we mat'- con- 
clude that pantothenic acid is an essential 
metabolite of T. vaginalis. In Table R’’ it 
is also shou-n that the effect of pantothenate 
is not dependent upon the presence of added 
vitamins. 

It has been demonstrated by Denko cl al.^ 

SDcnbo, vr. D., Gnindr, W. E., and Porter, 
J. tv.. Arch. Hiochcm., 1947, 13, 4S1. 
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Vitamins omitted 
from control 


TABLE irr. 

Effect of Omission of Single Vitamins. 


Population of Xrichomonas vaginalis in second transpLaiit 
at 48 hr (cel)s/mm3)* 

Cultures 


12 3 


4 


None (control) t 

710 

570 

540 

950 

Choline 

020 

020 

940 

550 

Eiboflavin 

630 

610 

900 

GCO 

Nicotinic acid 

630 

880 

540 

670 

Ca pantothenate 

1 

2 

0 

0 


* Similar results ivere obtained in a duplicate series, 
t Same as control in Table II except Groups B and 0 omitted. 


TABLE Vr. 

Effect of Increase in Serum and Omission of All Known Vitamins. 


Population of Trichomonas vaginalis in second transplant 
at 48 hr (cells/mmS)* 

Cultures 

r — — ^ 

Simplified mediumt 12 3 4 5 


0.5% Serum 0 0 0 0 0 

Ca Pant, and 0.5% Serum 780 530 040 020 oSO 

Minus Ca Pant., plus 5% Serum 2150 1950 1S90 1920 2040 

* Similar results ivero obtained in a duplicate series, 
f Unessential ingredients omitted from medintn. 

TABLE V. 

Effect of Graded Amounts of Trpptieaso on Cell Multiplication of Trichomonas vaginalis. 

Population in second transplant at 48 hr (cells/mmS) 

Cultures 



1 



> 

% Trypticase in final medium 

1 

2 

3 

4 

.008 

10 

9 

7 

14 

.04 

64 

TO 

02 

04 

.08 

lol 

108 

111 

165 

.10 

230 

300 

350 

240 

.24 

450 

420 

410 

420 

.48 

940 

540 

S70 

810 

.72 

1210 

1300 

1020 

.990 

.90 

1500 

1600 

1560 

1500 

1.20 

1830 

1040 

1760 

1620 

1.30 

1750 

ISIO 

1830 

14G0 

1.60 

1970 

1730 

1800 

1080 

2.00 

2050 

1920 

1970 

1750 


V 


that normal whole blood has on the average 
33 fig of pantothenic acid per 100 ml. The 
effect of increased amounts of blood serum 
upon the requirement for added pantothenate 
was therefore e.\-pIored. The medium was 
prepared minus the addition of all known 
vitamins and the serum content was increased 
from O.Sfa to 5.0%. The results are in- 
dicated in Table IV. 

As is shown in Table IV no need exists 
for Ca pantothenate when 5% human serum 
is employed in the medium in the presence 


of 2% trj'pticase (BBL). 

Effect of reduction of try pt tea sc concen- 
tration. Using the basal medium of Sprince 
and Kupferberg= the trypticase content was 
varied between 0.008 and 2.0% in the pres- 
ence of 5% serum. The effect of these re- 
ductions is shown in Table 

As can be seen from Table V, 0.24% of 
trypticase gave a uniform cell count. In 
several duplications of this e.\-periment, trjTiti- 
case concentrations below this value produced 
widely var}dng populations in the quadru- 
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TABLE TT:. 


ESect of Simultaneous Eeduction of Sernm and Tr 3 rpticase Conceutrations. 


Cone. 

% final Tol. 
Trypticase 

Serum 


Population cells per mm3 


f 

Culture 

1 

Transfer 

1 

Transfer 

O 

Transfer 

3 

Transfer 

4 

2 

5 

1980 

2100 

2300 

1980 . 

ISTO 

0 

0.5 

080 

700 

010 

090 

090 

0.24 

5 

500 

440 

480 

440 

470 

0.24 

0.5 

0 

0 

0 

0 

0 


TABLE Vir, 

Effect of Addition of Phosphate to Hedium Containing Reduced Serum and Trvpticase. 


Population cells per mm3 



* 

Culture 

1 

Transfer 

1 

Transfer 

O 

Transfer 

3 

> 

Tr.ansfer 

4 

Serum 0.5% — 
Trypticase 2% 

970 

700 

930 

800 

880 

Serum 0.5% — 
Trypticase 0.24% 

0 

0 

0 

0 

0 

Serum 0.5% — 
Trsyrticase 0,24% 
KH2P04 0.027% 

270 

304 

315 

200 

270 


plicate cultures with aberrations in shape and 
motility. For these reasons 0.24% tr^Titi- 
case was selected for use in further investiga- 
tions. 

E§cct oj simuHancous reduction of scriim 
and trypticasc concentrations. From the 
foregoing data independent reduction of 
serum to 0.5% and of trypticase to 0.24% 
is shown to produce low but consistent popu- 
lations. The effect of simultaneous reduction 
of serum and tij^pticase to these low values 
is shown in Table VI. 

The above data reveal that this medium 
which contains a full complement of added 
growth factors is deficient in some respects 
when serum is reduced to 0.5% and tri^pti- 
case to 0.24%. It was then supplemented 
with a variety of mineral salts in order to 
determine whether this deficiency was due 
to a lack of an essential salt. Table VII 
shows the effect of the addition of phos- 
phates. 

The data in Table Vll demonstrate a re- 
quirement for phosphate. Substitution of 
NHiHcPOi gave results comparable to those 
produced by the salts of potassium. The 
addition of hlgSOq FeSOi, :MnSOi and 
MnCh was without effect. The optimal con- 
centration of phosphate was found at 


0.027%. At this phosphate level the popu- 
lation of trichomonads was approximately 
30% of that obtained with 2% trjpticase. 

Reduction oj components in routine culture 
medium. From the data gathered in the fore- 
going study it is obvious that in a medium 
containing adequate serum and trvpticase, 
added growth factors are not required. The 
trypticase also supplies sufficient phosphate. 
In view of this fact, the need for the salts 
included in the Ringer's solution was in- 
vestigated. Deletion of the Ringer’s solu- 
tion produced no change in the ability of the 
medium to support optimal populations in 
serial cultures. 

Composition and Population of STS me- 
dium. The elimination of all non-essential 
components left a Simplified Trypticase Se- 
rum medium having the following composi- 
tion per 1000 ml of final medium: Trypti- 
case (BBL) 20 g, cysteine HCl 1.5 g, mal- 
tose 1.0 g, Difeo agar 1.0 g, distilled water 
to make 950 ml. The medium was adjusted 
to pH 6.0, with IN HCl or IN NaOH 
heated in a boiling water bath until the a^ar 
was completely dissolved. The solution was 
filtered while hot through porous Reeve- 
Angel filter paper No. 845. To the warm 
filtered mi-xture was now added 0.6 ml of 
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0.5% methylene blue to serve as an indicator. 
The use of an indicator is optional. After 
being cooled to 46°C the mixture was re- 
adjusted, if necessary, to pH 6.0 using the 
Beckman pH meter. The solution was then 
brought back to 950 ml with distilled water, 
tubed in 9.5 ml volumes, autoclaved at 15 
lb pressure for IS minutes, and allowed to 
cool. To render the medium complete 0.5 
ml of sterile, undiluted human serum was 
added to each tube giving a final volume of 
10 ml. 

Populations were counted through 11 serial 
cultures and compared with those" in the 
original medium of Sprince and Kupferberg. 
It was found that the simplified medium 
supported populations equal to those in the 
original medium. Over 50 serial transfers 
have been maintained to date without visible 
differences in shape, size and degree of motil- 
ity of the protozoa. Examination of living 
specimens by phase microscopy and stain 
techniques failed to show any difference in 


morphology. Three strains of T. ioctust and 
one strain of T. gallinae have been carried 
successfully in this medium at this labora- 
tory. The former species requires adjust- 
ment of the medium to pH 7. It has recently 
been observed that all 3 species are satisfac- 
torily supported by Baltimore Biological 
Laboratory Thioglycollate medium with dex- 
trose and Eh indicator. This medium con- 
tained" phytone and try'pticase. It requires 
adjustment to pH 6 for T. vaginalis and T. 
gallinae. All 3 species require the addition 
of serum. 

Conclusions. 1. Pantothenic acid hij 
been demonstrated to be an essential meta- 
bolite for Trichomonas vaginalis. 2. A re- 
quirement for phosphate has been established. 
3. A culture medium containing a greatly re- 
duced number of components has been de- 
veloped for routine use. 

t Received from Dr. B. B. Morgan, University of 
"Wisconsin. 
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Jesse L. Bolljian, Eunice V. Flock, and Joseph Berkson. 

From the Division of Experimental Medicine, Mayo Foundation, and the Division of Biometry 
and Medical Statistics, Mayo Clinic, Fochester, Minn. 


The purpose of the experiments reported 
here is to provide a quantitative estimate of 
the turnover rate of phospholipid phosphorus 
in the liver of the white rat under normal 
conditions of equilibrium, that is, while the 
actual concentration of the phospholipid 
phosphorus in the liver is not changing. 

The concept of “turnover” is one of dy- 
namic equilibrium in which, during an inter- 
val of time df, a number of phosphorus atoms 
of mass dm’ “enter” the hepatic phospholipid 
molecules, and the same number “leave," so 
that the net mass of phospholipid phosphorus 
remains unchanged. The rates concerned are 
defined as follows: 


dm’ 


where r is the mass turnover rate; R is the 
proportional turnox'er rate; dm' is the mass 
of phospholipid P which is “turned over” in 
time dl; m is the mass of phospholipid phos- 
phorus. 

The method used for calculation of the 
rates is based on the formulation of Zilver- 
smit, Entenman and Fishier.* These authors 

1 Zilversmit, D. B., Botenman, C., and Fisldcr, 
M. a, J. Gen. Fhysiol., 1943, 20, 323. 
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anah’zed mathematically the changes of spe- 
cific acthily of a substance which is in equi- 
librium ■filth a single precursor, the activity 
of which itself may be changing. Their anal- 
ysis showed that the proportional turnover 
rate is equal to the rate of change of specific 
activity of substance at any instant, divided 
by the dinerence of the specific activity of 
precursor and substance at that instant. If 
one considers the changes occurring over a 
finite interval of time, instead of the instan- 
taneous relations, the proportional turnover 
rate is equal to the change per unit time of 
activity of substance, divided by the differ- 
ence of the mean specific activity of pre- 
cursor and substance in the interval. So far 
as we know, this method has not previously 
been applied for the calculation oi any actual 
turnover rate. 

Changes of radioactivity of hepatic phos- 
pholipid have been studied in terms of rela- 
tive activity, that is the ratio of specific ac- 
tivity of phospholipid phosphorus to that of 
hepatic or plasma inorganic phosphorus, or 
in relation to the activity of the phosphate 
administered.--* These indexes, however, are 
not measures of the true proportional turn- 
over rate, and will appear as (fiianging values 
during the course of an e.xperiment, or -will 
vary according to the regimen oi administra- 
tion of radioactive materia], even when the 
turnover rate itself is actually constant. 

Hevesy and Hahn,- and Hahn and Tyren^ 
and Hevesy^ have suggested calculating the 
percentage renewal of phosphatide- of the 
liver by comparing the activity of the phos- 
phatide P at the end of the e.xperiment with 
the average activity of the inorganic P dur- 
ing the e.xperiment, under conditions when 
the specific activity of the inorganic P of the 
liver does not' change much. They reported 
the percentage of newly formed phosphatides 

- Ilcrcsv. G.. and U.ahn, L., Kq\. Vidcr.- 

i'-ab. ScUlab, Biol. Head.. lOiO. lo. CO. 

a .Vrtonj. Cnmillo. Snn.ni.i. G.icrano. and Sop-C, 
Emilio. Arch. Ini. I’nijr-ol., 1P3?. -IT, 245. 

< Cl;aiko£r. I. L.. Physiol. Err- IP42. It2. 291. 

ailaba, L., and Tyrcn, Jl.. Arhic f..Kcrii, 
Hincral. cch Gcol., 1P4G, 21 ,V, Xo. 11. 

C n€vc? 7 , G.. Arhir /. Kfni, Hincral. cch Gccl., 
1947, 21 A. Xo. 20. 


in the liver of the rat in 4 hours to be 20^ 
with a strong variation from animal to ani- 
mal. However, the specific activity of the 
inorganic phosphorus did in fact change con- 
siderably during the course of our e.xperi- 
ments. ^Moreover, even if the hepatic in- 
organic phosphorus, considered as precursor, 
remains constant, it is still necessary in ac- 
cordance with the formulation of Zilversmit 
and associates to subtract the mean activity 
of the phospholipid P itself. 

The method used for calculating R is based 
on the assumption that the hepatic inorganic 
phosphate is the immediate and only- pre- 
cursor of phospholipid phosphorus or, more 
to the point, that its specific activity is not 
materially different from that of the immediate 
precursor. Evidence that this condition is 
fulfilled with sufficient closeness to yield a 
reliable estimate oi i? is given if the value 
of R, when calculated for successive inten-als 
of the experiment, is reasonably stable and 
shows no time trend. Still more convincing 
evidence is provided if the calculated value 
is essentially the same, even if the shape of 
the activity time curves themselves is mark- 
edly altered by changing the rate of adminis- 
tration of the activated material. .-Vs ■wfll 
be seen later, both criteria were used in the 
experiments here reported, and both con- 
firmed the values obtained. 

Experimental methods. Adult male white 
rats weighing appro.ximately 200 g maintained 
on the stock commercial diet of ‘‘friskies” 
were fasted for 20 hours prior to the adminis- 
tration of P--, and during the subsequent 
interval before removal of specimens. The 
P'-, obtained from the ^lassachusetts Insti- 
tute of Technology, was administered as the 
dibasic sodium phosphate. In the first series 
of e.xperiments reported later each rat re- 
ceived by a single intravenous injection 12 
microcuries of P=- and not more than 0.02 mg 
of P"*. In the second series the P“ vras ad- 
ministered by continuous intraperitoneal in- 
jection at the rate of 3 microcuries per hour. 
At specified intervals after the first adminis- 
tration the rats were anesthetized vrith pento- 
barbital sodium. Blood was withdraua by- 
cardiac puncture into a heparinized syrinae. 
The liver was quickly- removed and frozen 
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0.5% methylene blue to serve as an indicator. 
The use of an indicator is optional. After 
being cooled to 46°C the niLxture was re- 
adjusted, if necessary, to pH 6.0 using the 
Beckman pH meter. The solution was then 
brought back to 950 ml with distilled water, 
tubed in 9.5 ml volumes, autoclaved at 15 
lb pressure for IS minutes, and allowed to 
cool. To render the medium complete O.S 
ml of sterile, undiluted human serum was 
added to each tube giving a final volume of 
10 ml. 

Populations were counted through II serial 
cultures and compared with those" in the 
original medium of Sprince and Kupferberg. 
It was found that the simplified medium 
supported populations equal to those in the 
original medium. Over 50 serial transfers 
have been maintained to date without visible 
differences in shape, size and degree of motil- 
ity of the protozoa. Examination of living 
specimens by phase microscopy and stain 
techniques failed to show any difference in 


morphology. Three strains of T. foetus^ and 
one strain of T, gallinae have been carried 
successfully in this medium at this labora- 
tor}'. The former species requires adjust- 
ment of the medium to pH 7. It has recently 
been observed that all 3 species are satisfac- 
torily supported by Baltimore Biological 
Laboratorj'- Thioglycollate medium with de.x- 
trose and Eh indicator. This medium con- 
tained' phytone and trjqiticase. It requires 
adjustment to pH 6 for T. vaginalis and T. 
gallinae. All 3 species require the addition 
of serum. 

Conclusions. 1. Pantothenic acid has 
been demonstrated to be an essential meta- 
bolite for Trichomonas vaginalis. 2. A re- 
quirement for phosphate has been established. 
3. A culture medium containing a greatly re- 
duced number of components has been de- 
veloped for routine use. 

f Beceived from Pr. B. B. Morgan, University of 
■Wisconsin. 
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The purpose of the experiments reported 
here is to provide a quantitative estimate of 
the turnover rate of phospholipid phosphorus 
in the liver of the white rat under normal 
conditions of equilibrium, that is, while the 
actual concentration of the phospholipid 
phosphorus in the liver is not changing. 

The concept of “turnover” is one of dy- 
namic equilibrium in which, during an inter- 
val of time dt, a number of phosphorus atoms 
of mass dm' “enter” the hepatic phospholipid 
molecules, and the same number “leave,” so 
that the net mass of phospholipid phosphorus 
remains unchanged. The rates concerned are 
defined as follows: 


dm' 

IT 


r 

m 


dm' 

mdi 


w 

( 2 ) 


where r is the mass turnover rate; J? is the 
proportional turnover rate; dm' is the mass 
of phospholipid P which is “turned over” in 
time dt; m is the mass of phospholipid phos- 
phorus. 

The method used for calculation of the 
rates is based on the formulation of Zilver- 
smit, Enfenman and Fishier.^ These authors 

3 ZiJversmit, V. B., Enfenman, C., .and PJEhlcr, 
M. C., J- Gen, Fhysiol., 1943, -0, 325. 
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TABLE XL 


cs Obtained with Contiiiuons Intvapcritoiicat 1 n.icctiou of PM at liate of 3 ^tierocurios 

per Hour.*' 

Hr after starting administration, / 

1 

o 

3 

4 

0 

Hats 

1 

3 

O 

3 

O 

Body wt, g 

202 

200 

200 

100 

202 

Liver wt, % of body wt 

.3.1 

3.7 

3.4 

3.7 

3.5 

Mg P per 100 Plasma inorganic P 

G.4 

7.3 

0.4 

7.1 

0.4 

: g liver Hepatic ” ” 

2P.li 

20.7 

32.0 

20.5 

31,1 

” lipid ” 

1-14 

121 

122 

120 

127 

; Specific activity Plasma inorganic ’ ’ 

1,127 

1,302 

1..30S 

1,073 

1,710 

4 at time t Hepatic ” ’’ 

, 534 

7G3 

1,170 

1,500 

1,758 

4 ” lipid ” 

13 

33 

102 

123 

273 

i I^elntivc activity, hepatic lipid: 

inorganic P 

0.024 

0.043 

0.0S7 

0.082 

0,155 

Mean specific Hepatic inorganic P 

2G2 

470 

057 

824 

1,003 

3 activity to ” lipid ” 

G 

15 

31 

ii3 

105 

X time t • DiiT. 

25G 

455 

020 

771 

OSS 

o Change of specific activity, lipid P 

per liour 

13 

17 

34 

31 

40 

0 B 

0.051 

0.037 

0.054 

0.040 

0.040 

* The explanation given iu the footnote 

to Tnlile I applies also to Tahlo IT. 




stein^i and which requires boiling alcohol for 
extraction, generally had a little less radio- 
activity than did the phospholipids extrac- 
table with alcohol-ether at room temperature. 

Results. Two series of experiments were 
performed. In the first, which employed the 
larger number of animals, the radioactive 
waterial was injected intravenously in a single 
(lose; in the second the material was admin- 
istered by continuous intraperitoneal injec- 
tion. The ratio of liver weight to body 
iveight, the water content, total lipid extrac- 
table with alcohol-ether at room temperature, 
and the concentration of inorganic phosphate 
of the plasma were similar and within normal 
limits in all the animals. Tlie chief figures 
of interest are summarized in Table I for the 
group of animals that received a single in- 
jection and in Table II for the group that 
received a continuous injection. The corre- 
sponding activity-time cun,'es for hepatic in- 
organic phosphorus and hepatic phospholipid 
phosphorus were obtained by graphic smooth- 
ing of the observed specific activities in order 
to depict the course of the changes in these 
values and also for the calculation of the 
mean activities. The curves are shown in 
Fig. 1 and 2. The mean specific activity, 
for inorganic phosphorus and phospholipid 

11 Grcciistcin, J. P., Nuclooprotciiis, in Anson, 
M. L., and I-dsall. J. T., Advances in I’rotrin 
Chcmistrii, Now York, Acadomic I'rcss, Inc., 1P44 
1, p. ex.'. 


phosphorus, which is required for the cal- 
culation of R, was obtained by evaluating the 
area under the time curve and relating this to 
the time interval considered. The area may 
be calculated by counting squares on the 
graph paper, by planimetcr, or any other 
appropriate sclicmc. Wo liave found most 
convenient and accurate the tlivision of the 
area into strips and the use of Simpson’s rule. 
The figures pertinent to the calculation of R 
arc to be found in rows 12 through 16 of the 
tables. The rate of change of specific activity 
of hepatic phospholipid per hour (row IS) is 
obtained by dividing the specific activity at 
time / (row 10) by the time (row 1). The 
mean specific activities of hepatic inorganic 
P and hepatic phospholipid P (rows 12 and 
13) were obtained from the area under the 
time activity curves, as explained previously, 
and their difference is given in row 14. The 
value of R (row 16), the proportional turn- 
over rate for the period up to t is 


CliaiiRc in specific activity of pliospliolinid 
P per hour 

Moan .specific .nctivitr of inorganic P — 
mc.an specific activity of phospliolipid p 


lliese were calculated for the first experi- 
ment for V,, 1, 2 and 4 hours; the correspond- 
ing values were 0.049, 0.052, 0.053 and 0.049 
re>pcctively, the last being the rate calculated 
for the e.xperimcnt as a whole. The rate- 
calculated for the separate inlen-als 0 to yi, 
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TABLE I. 

Values Obtained After a Single Intravenous Injection of 12 Mierocuries of P32 and Not More Tlian 
0.02 mg P3t.* 


1 

Hr after administration, t 

0.5 


1 


2 


4 

0 

Eats 


7 


7 


10 


21 

3 

Body wt. g 


189 ± 

4.9 

188 ± 

4.7 

214 -+- 

6.3 

202 ± 3.S 

4 

Liver wt, % of body wt 

3.2 ± 

0.2 

3.5 db 

0.4 

3.8-4- 

0.2 

3.3 ± 0.1 

5 

Mg P per 100 

Plasma inorganic P 

6.9 ± 

0.4 

6.8 ± 

0.4 

7.5-+- 

0.4 

7.9-+- 0.2 

6 

g liver 

Hepatic ” ” 

31.8 ±: 

2.1 

30.2 ± 

1.6 

31.1 -+- 

1.3 

33.0 ± 1.1 

7 

” lipid ” 

137 ± 

3.0 

139 ± 

4.4 

133 ± 

5.7 

137 -+- 1.8 

8 

Specific 

Plasma inorganic ” 

3,876 -+- 203 

2,015 ± 202 

1,174 ± 

87 

744 -+-33 

9 

activity at 

Hepatic ” ” 

3,063 ± 280 

2,578 zt 377 

1,837 ± 154 

1.102 -+- 02 

10 

time t 

’ ’ lipid ’ ’ 

64 ± 

7 

133 ± 

14 

245 ± 

24 

339 ± IS 

11 

Eelative activity', hepatic lipid P: 







0.31 


inorganic P 


0.02 


0.05 

0.13 

12 

Mean specific 

Hepatic inorganic P 

2,618 


2,641 


2,410 


1,932 

13 

activity to 
time t 

’ ’ lipid ’ ’ 

30 


67 


126 


211 

14 

Diff. 

2,588 


2,574 


2,284 


1.721 

15 

Change of specific activity, 



133 


122 




lipid P per hr 

128 




So 

O.OID 

16 


E 

0.049 

0.052 

0.053 


* All quantities are means for the number of rats given in row 2; the values after the ± are the 
standard errors of the means. The mean specific activity to time t was obtained as explained in the text. 


in a mixture of carbon dioxide ice and alco- 
hol and then was pulverized between chilled 
steel blocks. 

An aliquot of the liver was extracted with 
trichloracetic acid, ivith the usual precau- 
tions, and the inorganic phosphate was pre- 
cipitated as the magnesium ammonium salt. 
Traces of some organic phosphates are in- 
cluded in this precipitate but the amount and 
the radioactivity of these do not materially 
affect the value obtained for either the 
amount or the specific activity. The phos- 
phorus content was determined by the method 
of Fiske and Subbarow^ and the radioactivity 
was measured with a Geiger-Muller counter 
of the immersion type.® Specific activity is 
reported as counts per second per mg P after 
correction for decay from the time of injec- 
tion to the time of counting. Direct measure- 
ments of the inorganic phosphate in a tri- 
chloracetic acid e.xtract of the plasma were 
made without the preliminary precipitation. 

Approximately 3 g of pulverized frozen 
liver were ground immediately wnth sufficient 


T Fiske, O.^T and Subbarow, Fellapragaa.i, 
J. Biot Chem., 1925, <56, 375. 

sw.ang, J. C., Marvin, J. F-, and Stenstrom, 
K W Ecv. Scient. Instnmenis, 1912, IS, SI. 
OFairbairn, Donald, J- Biot Cliem., 1945, 157, 


*^'*iOCl.annon, H. J., Platt, A. P., and Smith, 
J. A. B., Biocliem. J-, 1937,^,A736. 


anhydrous NaoSO^ to remove the water.®’'® 
The tissue tvas then extracted overnight at 
room temperature with SO ml of alcohol- 
ether. The extract was filtered, the residue 
was tvashed once with alcohol-ether and twice 
w'ith ether and the volume was made up to 
100 ml. This procedure in the presence of 
plasma or tissue protein completely separates 
lipid P from inorganic P. Samples of blood 
or tissue taken a few minutes after injection 
of inorganic P®® show’ no radioactivit}’ in the 
lipid fraction w’hen the activity of the inor- 
ganic P is highest. The P®® was measured 
in a suitably diluted aliquot; the P®' was 
determined in duplicate aliquots after pre- 
liminary ashing with H 2 SO 4 and H 2 O 2 . A 
large aliquot w’as evaporated to dryness by 
aeration at room temperature in the presence 
of a trace of hydroquinone for gravimetric 
determination of total lipid. Since at least 
90% of the P in the dried lipids was found 
to be chloroform-soluble and since inorganic 
phosphate was not present, the alcohol-ether 
extracts were considered satisfactory for 
these studies. It must, however, be stated 
that, if the dried liver residue w’as extracted 
with boiling alcohol in the Bailey-\\ alker 
extraction apparatus for a 3 hour period, 20 
mg more of chloroform-soluble P per 100 g 
of wet liver were obtained. This fraction, 
which probably includes the phospholipid 
attached to nudeoprotein described b^' Green- 
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TABLE II. 


Values Olitained with Continuous Intraiicritnnenl Injection of P-i- at Kate of 3 :Microcurics per Hour.*" 


1 

Hr after starting administration, t 

I 

o 

3 

4 

G 

o 

Rats 

1 

D 

2 

3 


3 

Body wt, g 

202 

200 

200 

190 

202 

•1 

Liver wt. % of bodv wt 

3.1 


3.4 

'6.i 

3.5 

5 

Mg P per 100 Plasma inorganic P 

0.4 

7.3 

0.4 

7.1 

0.4 

G 

g liver Hepatic ” ” 

29.G 

2G.7 

32.9 

20.5 

31.1 


' ’ lipid ’ ’ 

144 

121 

122 

129 

127 

S 

Specific activity Plasma inorganic " 

1,127 

1,302 

1,30S 

1,673 

1,710 

9 

at time 1 Hepatic ” ” 

534 

763 

1,170 

1,509 

1,75S 

10 

” lipid 

13 

33 

102 

123 

273 

11 

Kelativc activity, hepatic lipid; 
inorganic P 

0.024 

0.043 

0.0S7 

0.0S2 

0.155 

12 

Mean specific Hepatic inorganic P 

2G2 

470 

C57 

S24 

1,093 

13 

activitv to ” lipid ” 

6 

15 

31 

53 

lOo 

14 

time t ■ Diff. 

250 

455 

C2G 

771 

98S 

15 

Cliangc of specific activity, lipid P 
per hour 

13 

17 

34 

31 

40 

IG 

E 

0.051 

0.037 

0.054 

0.040 

0.040 


* The cxiilanatiou given in the footnote to Table I applies also to Table II. 


stein^^ and which requires boiling alcohol for 
extraction, generally had a little less radio- 
activity than did the phospholipids extrac- 
table with alcohol-ether at room temperature. 

Results. Two series of experiments were 
performed. In the first, which employed the 
larger number of animals, the radioactive 
material was injected intravenously in a single 
dose, in the second the material was admin- 
istered by continuous intraperitoneal injec- 
tion. The ratio of liver weight to bodj' 
weight, the water content, total lipid extrac- 
table with alcohol-ether at room temperature, 
and the concentration of inorganic phosphate 
of the plasma were similar and within normal 
limits in all the animals. The chief figures 
of interest are summarized in Table I for the 
group of animals that received a single in- 
jection and in Table II for the group that 
received a continuous injection. The corre- 
sponding activity-time cuiwes for hepatic in- 
organic phosphorus and hepatic phospholipid 
phosphorus were obtained by graphic smooth- 
ing of the observed specific activities in order 
to depict the course of the changes in these 
values and also for the calculation of the 
mean activities. The curves are shown in 
Fig. I and 2. The mean specific activity, 
for inorganic phosphorus and phospholipid 

11 Groenstein, J. 1’.. Kuclooprotcins, in Anson, 
M. It., uiut Eitsall, J. T., Advnnecs in Protein 
Clicmi.strw, New York, Academic Press, Inc.. 1P44, 
1, p. ei.-. 


phosphorus, which is required for the cal- 
culation of R, was obtained by evaluating the 
area under the time curve and relating this to 
the time interval considered. The area may 
be calculated by counting squares on the 
graph paper, by planimeter, or any other 
appropriate scheme. We have found most 
convenient and accurate the division of the 
area into strips and the use of Simpson’s rule. 
The figures pertinent to the calculation of R 
are to be found in rows 12 tlirough 16 of the 
tables. The rate of change of specific activit}' 
of hepatic phospholipid per hour (row IS) is 
obtained by dividing the specific activity at 
time f (row 10) by the time (row 1). The 
mean specific activities of hepatic inorganic 
P and hepatic phospholipid P (rows 12 and 
13) were obtained from the area under the 
time activity curves, as explained previously, 
and their difference is given in row 14. The 
value of R (row 16), the proportional turn- 
over rate for the period up to t is 

ClmiiRC in specific .activity of pliospliolipid 
^ P per hour 

I? — _L 

Moan specific activity of inorponic P — 
mc.-in specific activity of pbospliolipid P 

These were calculated for the first e.xperl- 
ment for 1, 2 and 4 hours; the correspond- 
ing values were 0.049, 0.052, 0.053 and 0.049 
respectively, the last being the rate calculated 
for the e.xperiment as a whole. The rates 
calculated for the separate intervals 0 to Yz, 
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Fig. 1. 

Curve of mean values of specific activities found after a single intravenous iiijec' 
tiou of pliosphate P32. 



Time after administration - hours 
Fig. 2. 

Curve of mean values of specific activities found u'itii a continuous intr.a- 
peritoneal injection of P32, 


to 1, 1 to 2, 2 to 4 hours were 0.049, 0.052, 
0.053, 0.045. It is seen that this e.vperiment 
fielded ver^^ consistent estimates for R in 
each of the periods. This is in contrast to 


the relative activity (ratio of specific activity 
of phospholipid P to that of inorganic P) 
which rose steadily in this period. 

The results for the second series of c.xperi- 
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ments, in whicii the injection of the radio- 
active material was continuous, are shown in 
Table II and the time-activity curves are 
shown in Fig. 2. It is to be noted that the 
cun-es are markedly different from those of 
the series with the single injection. This re- 
sult is to be expected. The calculated values 
of R are given as for the periods up to 1, 2, 
3, 4 and 6 hours; these were respectively 
0.051, 0.037, 0.054, 0.040 and 0.046, the last 
representing the result for the experiment as 
a whole. The figures are not quite so con- 
sistent as those for the first series but the 
variation is not larger than is to be expected, 
considering the smaller number of animals 


used in this series. The relative activity 
shows no consistencj’- with the first experi- 
ment. The figure for R provided by the en- 
tire e.xperiment, 0.046, agrees very well with 
that obtained in the first experiment, 0.049. 

Coficlusioas. The proportional turnover 
rate R for hepatic phospholipid P in the white 
rat is on the average close to per hour, 
and since the mean concentration of hepatic 
phospholipid P for both experiments together 
was 132 mg per 100 g of liver, that r, the mass 
turnover rate, is about 6 mg P per hour per 
100 g of liver, which is 0.2 mg P per 100 g 
body weight. 


16287 

Growth of Normal Male and Female Mice and of Female Mice Bearing 

Ovarian Grafts.*! 

R. T. Hill. (Introduced by H. G. Day.) 

Prom Uia Department of Anatomy, Indiana University School of Medicine, Dloojiiingion, Ind. 


It has been clearly shown that mouse ova- 
ries, under certain conditions, can supply an- 
drogens of sufficient quantity and quality to 
maintain, in normal conditions, the accessory 
sex glands of castrate male mice.^- It has 
been proven that environmental temperature 
is a factor in causing grafted ovaries to elabo- 
rate androgens, but the exact androgens se- 
creted have never been determined. 

It was suggested to the author by Doctor 
Carl G. Hartman that perhaps female mice 
bearing active androgenic ovarian grafts 
might assume a growth pattern comparable 
to that of normal males. Following this sug- 

• This work iias been supported in part Lv 
gr.mts from tlic VioBin Corporation of Jlonticcllo, 
111.; tbc Gr.adnnto School and the Medical Center 
of Indiana Vniversity; and the U, S. Public Health 
Service. 

t The mice us-cd in thc-^c experiments were the 
cm inbred strain obtained from Dr, L. C. Strong. 

I Hill, R. T., Undocrinolony, IP 37 , "! 033. 

e Hill, R. T.. and Strong, M. T., Dndocrinoloov, 
J93S, 22, GG3. 


gestion a group of our animals in e.xperiment 
were weighed twice weekly, and the rveights 
obtained are presented in Fig. 1. Five nor- 
mal males and 10 normal females were used 
as control animals. Twenty-eight females 
bearing autografts of ovaries in their ears 
comprised the experimental group. .All of 
the animals were of the same age when started 
on the experiment. It will be noted that the 
normal males averaged 16.6 g at the outset 
of the experiment, while the normal and e.x- 
perimental females averaged 14.9 g. The 
weights were recorded and plotted for ap- 
proximately 250 daj’s. .At the end of this 
period the plateau of growth was essentially 
complete. 

.A difference of slightly less than 2 g at the 
outset of the experiment, between males and 
females, had increased to approximately 4.5 
■ g 60 days later. The difference of 4-4,5* g in 
the weights of the 2 groups was maintained 
from then till the termination of the experi- 
ment. .At no time did the curve obtained 
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Fig. 1. 

Curve of mean values of specific acttvities found after a single intravenous injec- 
tion of pliospliate P32. 



Fig. 2. 

Curve of mean values of specific activities fountl vrith a continuous intra- 
peritoneal injection of P32. 


to 1, 1 to 2, 2 to 4 hours were 0.049, 0.052, 
0.053, 0.045. It is seen that this e.vperiment 
vielded ver 3 '’ consistent estimates for R in 
each of the periods. This is in contrast to 


the relative activity (ratio of specific activit.v 
of phospholipid P to that of inorganic P) 
which rose steadily'- in this period. 

The results for the second series of e.vperi- 
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Storage of Carmine in Mice of Inbred Strains. 

K. Stern, 

From the Mount Sinai Medical Scscarch Foundation, Chicago, III. 


Numerous observations have been reported 
which suggest a relationship between reticulo- 
endothelial tissues and the development and 
growth of malignant tumors (lit. cf.) How- 
ever, discrepant findings and controversial 
interpretations have as yet not permitted the 
formulation of a definite concept. 

In the present study the attempt was made 
to approach this problem by making use of 
the great variation in spontaneous tumor de- 
velopment exhibited by certain inbred mouse 
strains. For this purpose, animals of the 
C3H strain with high mammary cancer in- 
cidence and animals of the low-cancer strain 
C57B were employed. The reticulo-endo- 
thelial activity of these animals was assayed 
on the basis of their ability to store lithium 
carmine. 

Carmine (Merck & Co.) was dissolved in a 
saturated aqueous solution of lithium car- 
bonate to the desired concentration bj'" boil- 
ing gently for 3 minutes, followed by filtra- 
tion through glass wool. Two, 3 and 4^ 
solutions were employed. ■ They were pre- 
pared within the 24 hours prior to use and 
sterilized in tire autoclave for 20 minutes 
(pressure 10-15 lb). The carmine solutions 
were injected intraperitoneally with concen- 
tration and dosage varying in the 5 experi- 
mental groups, as shown in Table I. In the 
first 3 experiments the animals were sacri- 
ficed 48 hours after injection, in the last 2 
after 24 hours. Sections of liver and spleen 
were fixed in 10% formalin; in some groups 
also skin, kidneys and lungs were prescr%'ed. 
Sections of 6 to S micron thickness were cut 
from the formalin-fixed and paraffin-blocked 
organs. Of each block, a hematoxylin-eosin 
stained section and a cleared unstained sec- 
tion were prepared. For general observa- 

1 Stern, K., .and Willhcim, II., The Siochemistrg 
of Mnlignnnt Tumors, BrooWrn, Befcrcnce Press, 
1943, 090-745. 


tions, the stained sections were studied. For 
detailed study of the carmine storage the un- 
stained sections w'ere found best suited. 

Particular attention was given to the dye 
granules taken up by the Kupffer cells in 
the liver. The over-all impression was that 
of a more marked storage in Kupffer cells 
of C57B animals as compared with the find- 
ings in C3H mice. In order to e.xpress these 
relations in a roughly quantitative manner, 
an estimation of the amount of storage was 
carried out by counting the storing Kupffer 
cells (SKC) in at least 10 high-power fields 
and by determining the average of dye-laden 
cells in each animal. As seen in Table I, 
this crude quantitative estimation confirmed 
the impression obtained from general study of 
the slides. 

In all of the S e.xperiments, the average 
numbers of SKC observed in CS7B mice 
exceeded those found in C3H mice. In view 
of the rather small number of animals making 
up the single e.xperiments, it is, however, also 
necessary to analyze the values of SKC in 
the individual animals. Such an analysis 
shows that in Experiment I 4 out of 3 C57B 
mice presented markedly higher SKC values 
than the 4 C3H mice examined under the 
same conditions. In Experiment II, 4 out 
of 6 C57B animals surpassed 6 C3H mice in 
storing ability. In Experiment III, 1 of the 
2 C37B mice showed considerable increase, 
the other slight increase of SKC as compared 
4vith 6 C3H mice. In Experiment IV, the 
SKC values of 5 out of 6 C57B animals were 
greater than those obtained in 6 simultane- 
ously tested C3H animals (2 of the latter 
died 3 hours after the injection of the dye, 
and hence Oie small extent of storage prob- 
ably was due to insufficient time elapsed). 
In Experiment V, 6 of 7 C57B mice presented 
higher SKC values than were found in 11 
C3H animals under the same conditions. In 
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Pig. 1. 

Curves representing growth of normal male and female mice and of female mice hearing 
ovarian grafts. 


from the weights of the normal females and 
that obtained from the grafted females show 
any significant difference. Likewise, there 
was no time during the e.'iperiment when the 
growth of the females bearing ovarian grafts 


even approached the growth of the normal 
males. 

Summary. Grafts of ovaries in female 
mice which are androgenically active do not 
affect the growth weights of the host animal. 
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relation to the findings just described. The 
age of the animals ranged from 7 weeks to 
10 months; for each experimental group ani- 
mals of similar age were selected from both 
strains. The sex distribution was as follows; 
17 males and 9 females among the C57B 
animals; 14 males and 19 females among 
the C3H animals. 

In addition to the liver, the carmine storage 
was studied in the spleens of all animals. 
Here, too, a different behavior of the two 
strains, though less constant and striking, 
was noted; among C57B animals storage was 
absent in 2, slight to moderate in 17, and 
marked in 7; among C3H animals storage 
was absent in 12, slight to moderate in 21, 
and marked in none. The storage in the 
spleen was found mainly in the perifollicular 
reticulum cells and, to a lesser extent, in 
littoral cells of the sinuses. Thus halo-like 
formations around the follicles, consisting of 
dye-laden cells, resulted from the storage, 
a distribution which did not lend itself readily 
to quantitative evaluation. The dye storage 
in the renal epithelium and the dye excretion 
within the tubules conformed to the classic 
descriptions- and no difference between the 
two strains was detected. Likewise no appreci- 
able difference was observed regarding dye 
deposits in skin and lungs, which were exam- 
ined in some groups of animals. 

The fact that in these experiments the liver, 
i.c., the storage in Kupffer cells, presented 
the most marked difference between the two 
strains may be due to the route of adminis- 
tration employed, namely, the intraperitoneal 
injection of carmine. In this procedure, most 
of the dye is probably absorbed by serosal 
Ij-mphatics and thus, by way of the portal 
vein, reaches the liver first. Intravenous 
injection, which was not used in this study, 
may possibly lead to different findings. 

In previous work at the State Institute for 
the Study of Malignant Diseases, Buffalo, 


N.Y.,* similar e.xperiments were carried out 
by comparing the carmine storage in C57B 
mice and in animals of the Marsh-Albino 
strain. Six animals of each strain were exam- 
ined. They presented a marked difference 
in their dye storage in Kupffer cells and in 
the spleen; heavy, coarsely granular storage 
was obtained in 5 of the 6 C57B mice and only 
in 1 of the 6 MA mice. 

The C3H and the M.-^ strains are both 
known for the high incidence of spontaneous 
mammary carcinoma in the females. On 
the other hand, this type of tumor is exceed- 
ingly rare in the CS7B strain. In the latter, 
the total incidence of all epithelial and non- 
epithelial spontaneous tumors is around 20% 
according to studies and records of the Jack- 
son Memorial Laboratory.® At this time it 
would be premature to speculate on a possible 
relationship between susceptibility or resist- 
ance to spontaneous cancer development, on 
the one hand, and the reticulo-endothelial 
activity of the strain, as e.xpressed in dye 
storage, on the other. In order to establish 
such a relationship it will be necessary to 
extend this work to a number of additional 
inbred strains with varying rates of spon- 
taneous tumor development. 

Summary. The storage of intraperitone- 
ally injected carmine in Kupffer cells of the 
liver and in the spleens was examined in mice 
belonging to two inbred strains. Quantitative 
and qualitative differences were observed 
which indicated an inferior dye-storing ability 
of C3H animals as compared with C57B mice. 


* I wi.sli here to tli.oiik ])r. A, .\. TlinKiiulcau 
and Jtr. K. Burko, Department of Patholopy, and 
Dr. .S. n. Warner, ^^r. >r. .\. Roinliard, and Miss 
It. Goltz for tlieir eooperatinn in providing in:ite- 
rial and facilities for tlic work done in Buffalo. 

a .Staff of flic .Tackson Memorial Dalmratory, 
IlMnfiii of the /.(ifcorntori/ .Ifoi/.se, The Blakiston 
Ooinpanv, I’liiladelpliia, liltl, p. 200. 
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Carmine 

Exp. Ko. cone, and dosage 


3% 

0.5 ce (15 mg) 


II 


m 


ly 


2 % 

0.25 cc (5 mg) 


2 % • 

0.5 ce (10 mg) 


2 % 

0.5 CO (10 mg) 


4% 

0.5 CO (20 mg) 


Time 
interval 
in lirs 


48 


48 


48 


24 


24 


No, o£- 


SKC» 


No. of 


SEC' 


animals Values ilean animals Values JTcan 


11 


31 

3S 

41 

43 


10 

22 

22 

23 

32 

32 

13 

15 

20 

20 

21 

22 

St 

St 

10 

10 

19 

26 

10 

15 

17 

22 

28 

33 

37 

37 

38 

39 
39 


38 


19 


13 


29 


* Storing Kupffer cells, 
f Animal died after 30 hr. 
f Animal died after 5 lir. 
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all, 20 out of the 26 examined C57B mice 
surpassed in carmine storing activity the 33 
simultaneously tested C3H mice. 

In addition to these quantitative findings, 
a qualitative difference was frequently noted: 
finely granular and pale red carmine deposits 
prevailed in 28 of the 33 C3H mice, with 
only 5 of them showing dark red, coarsely 
granular storage, while among the 26 C57B 
mice 14 presented dark red, coarse granules 
and 12 e.xhibited pale red, fine granules. In 
general, particle size and color intensiti’- tended 
to increase with the concentration of dye 
■used, though Table I shows that no exact 


parallelism existed between di'e dosage and 
SKC values. In livers of C3H mice fre- 
quently diffuse distribution of d 3 ’'e in sinusoids 
was noted. Staining of parenchj’matous liver 
cells (diffuse cytoplasmic stain and darker 
nuclear stain) occurred in both strains onl)^ 
in isolated areas of necrosis encountered infre- 
quently. The intravital carmine staining of 
liver cells reported b}' Kiyono- was accom- 
plished only by repeated dye injections. 

No influence of age or sex was apparent in 

eKi.vono, K., Die t-italr Karmiiispeichmuiff, 
Jena, Gustav Fischer, 1914. 
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TABLE I. 

Hitotie Activity in the Hypophysis of Bats. 


Group 

No. of 
animals 

Age mean 

Sex 

Inj. of androgen 
and/or estrogen 

Mg 

Mitoses per nimS 
Mean ± S.E. 

1 

5 

117 

o 


1.20'-t- 0.25 

2 

4 

102 

$ 

3x500A 

1.17 ± 1.07 

3 

6 

101 

s 

3x500A + 2x25E 
3xl000A + 2x25E 

17.0 ±2.76 

4 

10 

97 

2 

2x25E 

20.0 -f-1.94 

5 

10 

91 

2 

4xl7E 

21.3 -t-1.55 

6 

6 

94 

$ 

4x500A 4xl7E 

18.7 -+-4.20 

7 

6 

93 

3 

4xl7B 

20.8 -t-2.00 

8 

9 

92 

3 


.52-(- .13 


females does not change the mitotic activity 
in the hypophysis (Group 2), The glands 
of only 4 animals were examined but since 
in all of these the activity is uniformly low, 
it seemed unnecessary to extend the series. 

In the males and females which received 
both androgen and estrogen (Groups 3 and 6) 
the average mitotic activity does not differ 
significantly from either the male or female 
groups which received estrogen alone. In 
comparing Group 3 with 4 statistically, 
p = .35, and 6 with 7, P = .65. The animals 
in Group 3 that had injections of 500 ng of 
androgen show a somewhat lower activity 


than those which had 1000 ^g, but the differ- 
ence is not believed to be important. 

Summary. The estrogenic hormone, alpha- 
estradiol benzoate, stimulates mitotic division 
in the cells of the anterior hj^iophysis of both 
male and female rats and, provided the ani- 
mals are about the same age, an equal amount 
injected results in approximately the same 
mitotic activity. WTien the androgen, tes- 
tosterone propionate, is injected with the 
estrogen in either male or female rats, the 
mitotic activity is not significantly different 
from that resulting from injections of estrogen 
alone. 
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Increased Susceptibility of Mice to Swine Influenza as a Result of 
Methionine Injections.* 

Douglas H. Sprunt. 

From the Vniversity of Tennessee CoUepe of Ifctlfciiic, 2[cmp1iis. 


In recent 3'ears numerous experiments have 
been reported on the effects of various dietarj- 
constituents on the susceptibiliU'’ of animals 
to viral infections. I reported in 1942 that 
methionine decreased the susceptibility of tlie 
rabbit to vaccinia.^ It seemed advisable how- 
ever to repeat these experiments in the mouse 
using swine influenza as the virus. When 

* Aided in part by prants-in-aid from Tlie John 
and Mary It. Markle Foundation and tiic United 
States Public Ilealtli Service. 

t Sprunt, D. H., Pnoc. Soc. Exp. Biol. .o.i> 
Med., 1042, oi, 226. 


mice on an adequate diet are injected with 
methionine there is a slight increase rather 
than decrease in susceptibility to swine 
influenza. But, if methionine were given to 
mice on a low protein diet, a marked increase 
in susceptibility occurs. This paper is to 
report such experiments. 

Since poor or malnutrition from manv 
causes will result in an increase in the animal’s 
resistance to viral infe ctions^ it was thought 

= Sprunt, D. H., J. Frp. ZM., 1942 
Foster, C^JTones, .T. H., ncnlc, W., ond Dorfman 
F., J.JE 1944, 80, 25V. ’ 
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Mitotic Activity in Male and Female Rat Hypophyses After Combined 
Injections of Androgen and Estrogen.* 

Thomas E. Hunt.1 

From the Department of Anatomy, Medical College of Alabama, Birmingham, Alabama. 


Since mitotic activity in the h 3 'pophysis of 
female rats is increased significantly after 
injections of the female hormone estrogen/ 
the question arises whether the male hormone 
might not likewise affect the proliferative 
activity in the hypophysis of either male or 
female animals. There is some evidence that 
androgen inhibits the activitj^ instead of 
stimulating it. Wolfe and Hamilton* found 
that the pituitaries of rats were onty slightly 
increased in weight after 10 daily injections 
of both testosterone-acetate and estrone 
whereas the increase was considerable after 
the same number of injections of estrone alone. 

In the present e.xperiments combined injec- 
tions of androgen and estrogen were likewise 
made into rats to see if there is a modification 
in mitotic activity of the anterior hypophysis. 
Also the mitotic activity of male rats is com- 
pared with that of female rats after equiva- 
lent injections of estrogen. 

In determining the mitotic activity, all 
dividing cells are counted in one or more 
3 micra coronal sections of the hypophysis 
and the number present per square mm of 
section is calculated. The androgen and 
estrogen used is testosterone propionate and 
alpha-estradiol benzoate, respectively, both of 
which were dissolved in sesame oil.t All 
injections were made subcutaneous!}'. The 
female animals were ovariectomized appro.xi- 
mately one month previous to the time of 
injections. 

* This study iv.is aided by a grant from the 
Cancer Kesearcli Division of tlie Donner Founda- 
tion. 

t With the technical assistance of Miss Cccile 
Morgan. 

1 Hunt, T. E., Aiiat. Bee., 1947, 97, 127. 

2 Wolfe, J. M-j 2 nd Hamilton, J. B., Endocrin- 
ology, 1937, SI, 603. 

t The estrogen (Progj-non-B) and andropn 
(Oreton) were kindly furnished by the Sehcring 
Corporation, Bloomfield, 1\.J. 


The tabulation of the experiments shorn 
the number of animals, tlie average age of the 
animals in each group, the hormones injected 
and the mean and standard error of the mean 
of the mitoses per sq mm of section. Injec- 
tions of estrogen were made either 48 and 72 
hours before killing the animals or, as in 
Groups S, 6, and 7, they were made 28, 36, 
52, and 60 hours before killing. In Groups 

2 and 3 the androgen was injected 24, 48, 
and 72 hours before killing, and in Group 6 
it was injected at the same times as the 
estrogen. 

The number of dividing cells in the Inpo- 
physis of ovariectomized females and in that 
of normal males is uniformly low in animals 

3 months of age or older (Groups 1 and 8). 
Only 2 or 3 mitotic figures are usually seen 
and at the most 5 to 10 occur in an entire 
section that includes 5 or 6 square mm. 

Injections of estrogen result in a consider- 
ably increased mitotic activity in both ovari- 
ectomized females and normal males (Groups 
4, 5, and 7). In all 3 groups the average 
number of mitoses is about 20 per sq mm. 
Statistically there is no significant difference 
in the mitotic activity of the male Group 7 
and female Group S, both of which received 
estrogen (P = .8).f In the males there is 
no evidence that the testicular androgen modi- 
fies the activit}' of the injected estrogen. The 
male hj'pophysis thus appears to respond to 
the estrogen about the same as that of the 
female. However, in the male there is a 
higher percentage of chromophil cells under- 
going division than there is in the female, 
although, as in the female, the majority of 
divisions occur in tlie chromophobes. 

Injections of androgen into ovariectomized 

jFiscliPr’s table of P iv.is used to fietermino 
statistical significance. P must Jjavo a v.aluc of 
loss tlian .05 before a ditTerence can bo eon.iidciQ^i 
as possibly signific.ant. 
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TABLE I. 


Amount of Weight Lost by Mice on tlie Various Diets. 


Groups 

A 

B 

c 

D 

E 

F 

At start of experiment 

' 24.4 

24.6 

Avg wt in g 

24.0 23.9 

23.0 

25.4' 

At time inoculated with virus 

21.7 

22.1 

21.7 

21.4 

24-.?, 

25.2 

At time of death 

15.9 



16.6 — 

16.8 



Surviving mice 

20.3 

22.6 

19.1 

21.0 

25.1 

26.7 


essential that the virus dilution be kept at 
this 50% point in order to assure a number of 
surdvors. Groups B and D remained under 
similar condition but received no virus. The 
^ poups did not differ in food intake and 
wight. Rockland Mouse Diet which is ade- 
quate and has a protein level of 24% was fed 
the mice in Groups E and F. Inoculation of 
t e mice in Group E was done at the same 
hffle and in the same manner as in Groups 
■ p- The controls, the mice in Group 
1) received no virus. 

The results of the experiment are given in 
urt 1. Groups B. D, and F are omitted as 
of the mice died during the experiments. 
T,,'^®’Shts of all the groups are shown in 
* u I. It is seen that all the animals in 
‘^Ps A, B, C, and D lost similar amounts, 
ort the low protein diet plus 
lonine are the most susceptible to swine 
^ uunza, those on the loiv protein diet alone 
jjj. ^ ^^^^Ptible. The increased suscepti- 
‘ i of the mice receiving methionine over 
^ Sroups is significant statistically. 

> erences between the mice on the Rock- 


land Mouse Diet and on the low protein diet 
has been significant in some experiments but 
not in others. 

Six experiments similar to the above and 
others along the same lines have given similar 
results. Cystine used under similar condi- 
tions increased slightly the susceptibility of 
the mouse to swine influenza. The effect of 
other amino acids is now being studied. 

We have no explanation as to why methio- 
nine decreased the susceptibility of the rabbit 
to vaccinia and increased the susceptibility of 
the mouse to swine influenza. The e.xperi- 
ments which we have in progress may eluci- 
date this problem. Three possibilities appear 
now; (1) Methionine in some way lowers the 
resistance of the host to infection, possibh’' 
bv increasing the permeability of the cell to 
the virus. (2) Methionine may interfere wdtJi 
the formation of antibodies. (3) Multiplica- 
tion of the virus may be aided by methionine. 

Conclusions. ^lice on a low protein diet, if 
given methionine, have a greatly increased 
susceptibility to the swine influenza virus. 
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Effect of Adrenalectomy Upon Level of Blood Amino Acids in the 

Eviscerated Rat. 


Dwught J. Ingle, AIildred C. Prestrud, and James E. Xezamis. 
Prom the Sescarch Laboratories, The Vpjohn Companii. Kalaviazon, Jlicli. 


f'oll 

3>uino°ar'!i^ ^viscera tion the concentration 
increases gradui 
ff'e cm K PS‘'iod of survival but 1 

glucoL ’ amounts of insi 

in the present study it i 


shown that adrenalectomy suppressed the 
level of blood amino acids below that of 
non-adrenalectomized eviscerated rats at each 


1 Ingle, D. J.. Prestrud. >f. C.. .md Xcz.nmip, 
J. E., .'Ini. J. PfiysioL, IP’IT, 1-50, GS2. 
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Susceptibility of Mice to Swine Influenza 


After Methionine 



Chart 3. 

Tlie percentage of mice on different diets dying after injection 
witli spine influenza. 


essential that the substance to be studied 
should be added to a diet which by itself 
caused some malnutrition and increased re- 
sistance. A low protein diet was found to 
meet these requirements. Although malnutri- 
tion generally increases the animal’s resistance 
to infection it does, if too extreme, result in 
the death of the animals from starvation. For 
this reason mice under similar conditions to 
those injected were kept as controls, in order 
to see if an}"^ of the deaths were due to mal- 
nutrition. 

In the following experiments 360 male 
adult mice weighing approximately 25 g each 
were divided into 6 groups. The mice in 
Groups A, B, C, and D were fed the low pro- 
tein diet, but in addition Groups C and D 


were given daily intraperitoneal injections of 
IS mg of an aqueous solution of methionine. 
After 2 weeks the mice in Groups A and C 
were inoculated intranasally, under ether an- 
esthesia, with swine influenza virus.! The 
virus was diluted before inoculation to the 
50%i point, although similar results could be 
obtained with other strains of both human 
and sw'ine influenza virus. This virus ivas 
used in most of the e.xperiments, since the 
50% point was more constant in various 
groups of mice. In these e.xperiments it is 

t The virus v.ns kindly suj)plic(l to us by Dr, 
Josepli Bc.ird of Duke LTii\-ersity. It w;i.s .an ogg- 
adapted strain of swine influenza ivliieli came 
originally from Dr. It. E. Sliope and lias been 
designated as Strain lo. 
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Effects of B Vitamins, Yeast and Liver on Ovaries of Immature Rats Fed 
Massive Doses of Alpha-Estradiol. 


B. H. Ershoff and H. B. McWiluams. 

From iltc Emory TV. Thurston Lahoratorics, Los Anyctcs, California. 


It is well established that massive doses 
of estrogens retard growth and inhibit gonadal 
development in the immature rat. Available 
data indicate that these effects may be coun- 
teracted, at least in part, by dietary means. 
Ershoff and DeueF observed that the gonadal 
weight of immature rats fed massive doses 
of alpha-estradiol was significantly greater on 
diets containing yeast than on rations con- 
taining the B vitamins in synthetic form. In 
the present communication further data are 
presented on the effects of diet on ovarian 
development in the alpha-estradiol-fed rat. 

Procedure and Results. Four basal rations 
were employed in the present experiment: 
diets A, B, C, and D. Diets A and B were 
purified rations containing the B-comple.x 
factors in syntlietic form only. Diets C and 
D were similar in composition but contained 
yeast or desiccated whole liver in addition to 
the synthetic vitamins. All 4 rations were 
supplemented wnth 0.0 and 10.0 mg of alpha- 
estradiol per kg of diet.* Sixty-four female 
rats of the Long-Evans strain were selected 
at 2 1 to 23 days of age and an average weight 
of 42 .0 g for the present experiment. Animals 
were kept in metal cages with raised screen 
bottoms to prevent access to feces, and were 
fed ad lib. the diets listed in Table I. Feeding 
was continued for 8 weeks. Animals were 
aulopsied on the 56th day of feeding; ovaries 
were weighed and fixed in 10% formol, and 
sections prepared and stained with hem- 
ato.xylin and eosin. 

Results are summarized in Table II. In 
agreement with earlier findings^ the effects of 

1 Krstiofr, B. IT., and Deuel, II. .1., .Tr., --liii. J. 
Phtjsio},, 1P40, 4G5. 

• Tlie nlplin-estTniliol for Uicsc oxporimeiits was 
obtained from the Scherinp Corporation, Bloom- 
field, X.d. One mp aljdin-ostradiol O 32,000 
B.U. or I'JO.OOO I.U. estrone. 

-Sure, B., J, Xutniioii, 3041, 222, 400. 


alpha-estradiol feeding in the immature rat 
were dependent on the diet employed. On 
the synthetic ration (diet An) ovaries ap- 
peared infantile both in iveight and micro- 
scopic appearance. Similar results were ob- 
tained in alpha-estradiol-fed rats receiving ad- 
ditional B vitamins or yeast (diets Bo and Co) . 
In the whole liver series (diet Do), however, 
ovarian weights averaged approximately twice 
the values obtained on other alpha-estradiol- 
containing rations; and histologically ovaries 
appeared normal in 8 of the 10 rats in this 
series. Growth was markedly reduced in all 
rats fed alpha-estradiol-containing rations. 
Gain in body weight was somewhat greater 
in the liver series (diet Do) than on other 
rations employed, but with the possible excep- 
tion of the Ao series these differences were 
not significant. On alpha-estradiol-frec 
rations body and ovarian weights did not 
differ significantly on any of the diets em- 
ployed, and histologically ovaries appeared 
normal in all groups. 

Discussion. It is becoming increasinglj' 
apparent that the effects obtained in an 
experimental animal following administration 
of drugs or related products are dependent on 
the nutritional state and the diets emploi'ed. 
In acute deficiencies of essential nutrients it 
is readily recognized that resulting abnormali- 
ties in cellular metabolism may profoundly 
affect response to certain drugs. What is 
less well recognized, however, is that these 
drugs themselves may precipitate a deficicnej' 
state. Thyroid administration, for e.xample, 
may induce a deficiency' of thiamine, pyri- 
doxine, and pantothenic acid,® while dicuma- 
rol, salicylates, and other drugs may precipi- 

2 Drill, V. A., and Overman, B., .Ini. ,T. Phusiol., 

l.-K, did. 

■« Shapiro, S., Bcdi.di, M. 11., and Camphcll, 
II. .\., Dkoc. Soc. Exp. Biol, axd Mm.. 1943, 
.■;2. 19. 
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ADRENALECTOMY-EVISCERATrON AND AmINO ACIDS 


level of insulin dose and glucose load. 

Methods. Male rats of the Sprague-Dawley 
strain were eviscerated at 250 g weight. 
Adrenalectomy was performed in the same 
operation.' Immediately following operation 
all of the animals were given continuous 
intravenous infusions of 0.9% sodium chloride 
solution with and without added glucose and 
crystalline zinc insulin (Lilly). The volume 
was 20 cc per 24 hours per rat. The details 
of the methods have been described.^ 

Experiments and Results. Equal numbers 
of eviscerated rats and adrenalectomized- 
eviscerated rats were studied simultaneously. 
Samples of blood were taken from the abdom- 
inal aorta at the end of 24 hours. Sixteen 
pairs of rats were given 4 units of insulin and 
40 mg of glucose per 100 g of rat per hour 
(40/100/h); 10 pairs were given 1 unit of 
insulin and 40/100/h; 16 pairs were given 0.5 
units of insulin and 24/100/h; and 7 pairs 
were given no insulin and 8/100, /h of glucose. 
At each level of insulin dosage and glucose 
load the average value for amino acids was 
lower in the adrenalectomized-eviscerated rats 
than in the eviscerated rats. Likewise, in 
each of the 49 pairs of rats the value for blood 



Fig. 1. 

Level of Wood amino acids at the end of 2-1 
liours of continuous intravenous infusion. Aver- 
ages and Range. 

• Eviscerated rats. 

x Adrenalectomized'Cvisccrated rats. 


amino acids was lower in the adrenalectomized 
rat than in the non-adrenalectomized rat. The 
data are summarized in Fig. 1. 

Discussion. These . results . are - consistent 
tvith' an earlier study 'showing 'that' insulin 
prevents the rise in blood amino acids which 
follows evisceration in the rat. The effect 
of adrenalectomy upon the level of blood 
amino acids in the eviscerated rat is appar- 
ently independent of insulin dosage and glu- 
cose load. Friedberg and Greenberg- have 
shown that the level of plasma amino acids 
is depressed by adrenalectomy in the non- 
eviscerated rat. Roberts® reported that 
adrenalectomy in the eviscerated rat did not 
influence the rate of rise of blood amino acids 
but the periods of observation were shorter 
than in the present study and other conditions 
were different. 

How do these data relate to the subnormal 
ability of the untreated adrenalectomized 
animal to mobilize its cellular proteins during 
stress? The level of blood amino acids in 
the eviscerated animal represents a balance 
between the breakdown and resynthesis of 
tissue proteins the rates of which were not 
appraised in this study. IlTiat would be the 
effect of cortical hormone overdosage upon 
the level of blood amino acids in eviscerated 
animals? Cortical hormone overdosage is 
antagonistic to the hypoglycemic effect of 
insulin in the normal force-fed rat^ and the 
eviscerated rat.*^ Would it antagonize the 
effect of insulin in suppressing the rise in 
blood amino acids which follows evisceration? 
Further studies are planned. 

Summary. Adrenalectomy in the evisce- 
rated rat lowered the level of amino acids in 
whole blood at each level of insulin dosage 
and glucose load when determined 24 hours 
after operation. 

eFriedborg, F., .and Greenberg, D. JI., J. JSiol. 
Chem., 19iT, 108, 405. 

SBobert.s, S., Endocrtnoloffn, 19-lG, SO, SO. 

* Ingle, D. J., Sheppard, R., Evans, ,T. S., and 
Knizcng.a, M. H., Entlocrinolortti, 1943, S7, ,S41. 

single, D. .L, Prestrud, M. C., Xezaiiiis, J. E., 
and Kuizenga, M. II., .-Im. J. PhyitinL, 194", ISO, 
423. 
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./doses of strychnine, promin, dinitrophenol, 
I sulfanilamide, atabrine, and other drugs have 
I been recognized for years.®"'' Similar results 
I have been observed following toxic doses of 
' diethylstilbestrol® and desiccated thyroid.'-'" 
In the present experiment toxic effects of 
alpha-estradiol were similarly modified by 
dietary means. 

Findings indicate that the effects of alpha- 
estradiol feeding in the immature rat were 
dependent on the diet employed. On the 
synthetic ration (diet A 2 ) ovaries appeared 
infantile both in weight and microscopic ap- 
pearance. Similar results were obtained with 
animals fed additional B vitamins or yeast 
(diets B;. and C 2 ). Oral administration of 
desiccated whole liver, however, resulted in a 
significant increase in ovarian weight with 
ovaries resembling histologically those of the 
normal rat. On alpha-estradiol-free rations 
ovaries did not differ significantly in weight 
or microscopic appearance on any of the 
diets employed. Available data indicate that 
the beneficial effects of liver on ovarian 

’'Cliamelin, I. M., and Funk, C., Arch. BiocUcm., 
1943, 2, 9. 

°ll'ggtns. G. SI., Am. J. Clin. Pnlh., 1944, 14, 
278. 

'(•Battclli, G., Boll. me. Hal. hiol. -yicr., 1940, 
15, C87. 

H Er.sIiofT, B. II., J. Xuirition, 1948, Ifli. 909. 

I- ErsliolT, B. II., Pp.QC. Sue. Exi’. Biot , .\Ni> 
Mkd., 1047, 04, 500. 

JCnsIio/T, B. II., Arch. Biochem.. 1047^ 175, .90.5. 

H Betlieil, .1. .1., SVicbcIliaus, V. IJ., .-iikI Eaidy. 
n. A., J. Xiilrilinn, 1947, ;14, .l.'il. 


development in the immature alpha-estradiol- 
fed rat were not due to any of the known B 
vitamins. This is indicated by the fact that 
ovaries remained infantile on diet Bn although 
this ration contained all known members of 
the vitamin B complex in amounts exceeding 
their presence in the liver-containing diet Dn, 
It is suggested, therefore, that desiccated 
whole liver contains some factor(s) other 
than the known B vitamins whose require- 
ment is increased following prolonged feeding 
of alpha-estradiol.t In previous w’ork with 
smaller doses of alpha-estradiol yeast ivas also 
found to promote ovarian development in 
the alpha-estradiol-fed rat.' Such was not 
the case, however, under conditions of the 
present e.vperiment. 

Summary. Desiccated whole liver counter- 
acted the inhibition of ovarian development 
observed in immature rats fed massive doses 
of alpha-estradiol. The protective factor in 
liver was distinct from any of the known 
members of the vitamin B complex. It 5vas 
not present in significant amounts in yeast. 

t 'Die unknown nutrient may bo part of an 
enzyme system eoncerned with estrogen inaetiva- 
tioii. It is possible that prolonged feeding of 
alplia-estradiol inereased rerjuirements for tliis 
factor on diets Ao, Bj, and C, to tbo jioint that a 
delicieney occurred, interfering witli estrogen- 
inactivation and resulting in impaired secretion 
of jiituitary gonadotropins.ia 

1.5 Zondek, B., Clinical and Bxpcrimrntal Invest 
tir/al'onr an llic Genital Fuuctinn.i aurl Their nor- 
monal Jtre/iilatirin, 'Williams & Wilkins, Balti- 
more. 1941. 
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The Ability of the Cat to Withstand Repeated Electrically Induced 

Convulsions. 


H. S. Rubinstei.s' and .Albert A. Kurland. 

Eroni the Alfred Vllman iMharatonj fat Xraro-P.ii/rhuilrir Hryrnrrh, .Sinai Ifoinital 


In carrying out clcctro-shock thcr.'ipv on 
psydiolic patients it is frequentiv observed 
that .some fad to immediatelv respond to the 
electrical .stimulus with a maior convulsive 


.seizure. At times, esneciallv in n#. 
induce 3 or 4 minor responses before the 
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Diet and Alpha-estradiol Toxicity 


TABLE I. 

Composition of Experiment-;! Diets. 

. , - , Diet Diet Diet 

'Dietary component - , A; arid Ao 5^ and Bo C^ and Cs • D, and D.. 

0.0 10.0 0.0 

0.0 0.0 10.0 

22,0 22.0 22.0 

4.5 4.5 4.5 

73.5 G3.5 G3..5 

of iweorporated in diets A,, Bo, O,, and Do” at a level of 10.0 mg per kg 

i'S diet A, 0, and D were added tlie following synthetic vitamins; thiamine 
JlJ „ riboflavin 9 mg, pj-ridoxine hvdrochloride 15 mg, calcium pantothenate 

01.2 mg, nicotinic acid 60 mg, 2-methyl-naplithoquinone o mg, and choline chloride 1.2 g. 

To eacli kg of diet B were added: thiamine hydrochloride 144 mg, riboflavin 18 mg, pyri- 
doxino hj’drochloride 30 mg, calcium pantothenate 134.4 mg, nicotinic acid 120 mg, inositol 
St p-aminobenzoie acid (300 mg, folic acid 10 mg, biotin 1 mg, 2-methvl-naphthonuinonc 
10 mg and clioline chloride 1.2 g. 

Each rat also received 3 times weekly the following supplement: cottonseed oil (Wesson) 
500 mg, alpha-tocopherol 1 mg, and a vitamin A-D concentrateil containing 50 tl.S.P. units of 
vitamin A and 5 U.S.P. units of vitamin D. 


Yeast’' 0.0 

Whole liver powdert 0.0 

Casein} 22.0 

Salt mixture^ 4.5 

Sucrose 73,5 


* Brewer's Type Yenst No. 200, Anheuser-Busch, Inc., St. Louis, Ifo. 
t Whole Dried Liver Powder, Armour and Co., Chicago, 111. 

+ Vitamin Test Casein, General Bioelicnueals, Inc,, Chagrin Falls, Ohio. 

5 Sure’s Salt Mixture No. I.2 

j| Nopco Pish Oil Concentrate, assaying 800,000 U.S.P. units of vitamin A and 80,000 
U.S.P. units of vitamin D per gram. 


TABLE n. 


Effects of Alpha-estradiol on Body and Ovarian Weight in tlie Immature Rat. 


Dietary 

Group 

No. of animals 

Initial body 
wt, g 

Gain in body wt 
8-wk period,* g 

Avg ovarian 
wt,* mg 



Alpha-estradiol 

Scre.s. 


Ao 

10 

42.8 

P7.9 ■+’ 3.7 

13.7 -4- 1.1 

Bo 

10 

42.1 

105.1 -H 6.G 

16.1 -4- 1.3 

Go 

10 

41.9 

103.4 -t- 5.5 

18.9 -4- 1,4 

Do 

10 

42 2 

117.9 -e 3.6 

37.2 ± 2.7 



Control Scries. 



G 

41.7 

14G.4 -1- 9.0 

47.0 -4- 2.4 

B, 

6 

42.0 

152.3 -t- 7.8 

49.1 -4- 3.0 

c. 

G 

41.5 

146.8 -4- C.9 

43.2 ± 3.2 

D, 

C 

41.7 

169.7 9.3 

44.8 -4- 2.1 


* Including standard error of the mean calculated as follows: /532 / _ ,, 1,, • 

“ \ ' V n where “d ’ is 

n 

the deviation from the mean and “n" is the numher of ohservations. 


tate a deficiency of vitamin In addition 

to the knoivn nutrients, however, require- 
ments for various unknown factors may also 
be increased following the administration of 
certain drugs. These “minor vitamins” are 
apparently dispensable under normal condi- 
tions or their requirements are so small thei' 
may readily be met by amounts present in the 
diet or through the synthetic activity of the 

Shapiro, S., J. A. M. A., 1944, 123, 546. 

0 Collins, E. N., and Hoffman, .-V. D., Cleveland 
Clin. Quart., 1943, lO, 105. 


intestinal flora or the animals’ own tissues. 
Certain drugs or other “stress factors” may, 
however, increase requirements for these sub- 
stances to the extent that deficiencies occur, 
manifest by retarded growth or tissue pathol- 
ogy^ and preventable by the administration in 
appropriatee amounts of the missing nutri- 
ent.'' Whole liver and yeast are potent sources 
of such unknown nutrients. The beneficial 
effects of these latter substances in animals 
inhaling carbon tetrachloride or fed toxic 

28, 107. 
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doses of strychnine, promin, dinitrophenol, 
sulfanilamide, atafarine, and other drugs have 
been recognized for years.®-’* Similar results 
have been observed following toxic doses of 
diethylstilbestrol® and desiccated thyroid.*'-*'' 
In the present e.xperiment to.xic effects of 
alpha-estradiol were similarly modified by 
dietary means. 

Findings indicate that the effects of alpha- 
estradiol feeding in the immature rat were 
dependent on the diet employed. On the 
synthetic ration (diet A-) ovaries appeared 
infantile both in weight and microscopic ap- 
pearance. Similar results were obtained with 
animals fed additional B vitamins or yeast 
(diets B:; and C 2 ). Oral administration of 
desiccated whole liver, however, resulted in a 
significant increase in ovarian weight with 
ovaries resembling histologically those of the 
normal rat. On alpha-estradiol-free rations 
ovaries did not differ significantly in weight 
or microscopic appearance on any of the 
diets employed. Available data indicate that 
the beneficial effects of liver on ovarian 

s Clinmeliii, I. M., and Funk, C., Arch. Vioclicm., 

ma, 2, 9. 

!> Higgins, G. JI., Am. J. Clhi. Path., 1044, 14, 
2"S. 

'OBnltcIli, G., Bolt. nor. itiit. fn'iit. s/irr., 1940, 
l.T, C8". 

11 ErsIiofT, B. II., J. Xutritinu, 104S, B.T, 900. 

ErsUotr, B. II., I'uoc. Soi-. Exe. Biot . Axo 
-MkH., 1947, Cf, 500. 

I-" Ersliotl, B. H., Arch, BiocUcm., 1047, l<"j, 

H Bctlic'il, .1. .1,, M'ioljolliaus, V. 1)., .-nid Lardy. 

ll. A., J. Xiitritian, 1047, 34, 431. 


development in the immature alpha-estradiol- 
fed rat were not due to any of the known B 
vitamins. This is indicated by the fact that 
ovaries remained infantile on diet Bj although 
this ration contained all known members of 
the vitamin B comple.x in amounts exceeding 
their presence in the liver-containing diet D 2 . 
It is suggested, therefore, that desiccated 
whole liver contains some factor (s) other 
than the known B vitamins whose require- 
ment is increased following prolonged feeding 
of alpha-estradiol.t In previous work with 
smaller doses of alpha-estradiol yeast was also 
found to promote ovarian development in 
the alpha-estradiol-fed rat.* Such .was not 
the case, however, under conditions of the 
present e.xperiment. 

Summary. Desiccated whole liver counter- 
acted the inhibition of ovarian development 
observed in immature rats fed massive doses 
of alpha-estradiol. The protective factor in 
liver was distinct from any of the known 
members of the vitamin B complex. It was 
not present in significant amounts in yeast. 

i Tlio uiikiiowii nutrient m.-p' bo part of .m 
enzyme system concerned witii estrogen inactiva- 
tion. It is possible tlint prolonged feeding of 
atpba-estradiol increased requirements for this 
factor on diets A.j, B^, and CL to Ibc point that a 
deficiency occurred, interfering with estrogen- 
inactivation and resulting in impaired .secretion 
of pituitary gonadotropins.l-'i 

i-"' Zondek, B., Cliaieoi nml Kxpcrimenlal Iiiit.sv 
ticiatioiis on the Genital I'nnctinns and Their Hor- 
monal I'cr/nlation, Williams & Wilkins, Balti- 
more, 1041. 


16293 

The Ability of the Gat to Withstand Repeated Electrically Induced 

Convulsions. 

H. S, Rubinstein and Albert .A. Kurland. 

From the Alfred Vllnian Lahoraloni for X'niro P.itirhiatrir Hercarch, .‘Gnni irosoilnl 

Baltimore, Md. 


In carrying out electro-shock therapy on 
psycliolic patients it is frequently observed 
that some fail to immediately respond to the 
ek'clrical stimulus with a major convulsive 


seizure .-U times, especially in attempting 
to establish the convulsive threshold for ? 
particular patient, it becomes necessary to 
induce J or 4 minor responses before^ the 
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desired major reaction becomes evident. In 
other patients, especially in those who are 
markedly disturbed, it has been observed that 
a single convulsion may fail to induce ade- 
quate sedation. The safety of repeated con- 
vulsions in such overly-disturbed patients has, 
therefore, been considered. Since a survey 
of the literature has failed to disclose the 
tolerance of animals to repeated electrically- 
induced convulsions and because of a fear of 
the consequences of repeated electrical stimu- 
lation this procedure had to be deferred. 

Because of a need for such information 
it was deemed advisable to study this problem 
experimentally. 

For this purpose 11 adult cats (exact ages 
unknown) were subjected to repeated elec- 
trical stimulation at approximately five- 
minute intervals. In 8 animals (Group A) 
this procedure was continued until each 
animal expired. The other 3 cats (Group B) 
were permitted to recover after having been 
subjected to a prolonged series of convulsions. 
On the basis of experience with patients sub- 
mitted to electroshock this procedure was 
deemed entirely painless both at the time the 
convulsions were induced and after the con- 
vulsions were over. 

The apparatus used to deliver the current 
was similar to that employed on patients. 
This utilized the 60-cycle 120-volt house 
current and consisted of a step-up and step- 
down transformer operated by an electrical 
timing switch. These were so designed that 
the duration of the current flow and voltage 
could be varied by the operator (Lektra 
Laboratories, New York) . The lower voltage 
range was especially calibrated thus per- 
mitting a more accurate determination of the 
voltage required for the small animal used. 
The duration of the stimulus was maintained 
at a constant of 0.2 seconds. The electrodes 
used were especially constructed to better 
conform to the small animal head (Lektra 
Laboratories, New York). In each instance 
the convulsion was induced by the minimal 
convulsive dose and this had to be gradually 
increased in each animal as the experiment 
progressed. 

Restdts. These have been tabulated m 
Tables I and 11. From Table I it may be 
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A Biological Method for Determination of Curare and Erythroidine- 

Alkaloids. 

E. P. Pick and G. V. Richards. 

From the Merch Institute for Therapeutic Jteseareh, Hahway, K.J., and the Lahoratorics of 
the Mount Sinai Hospital, New Torh City. 


Recent studies^ have shown that mice pre- 
treated with morphine sulfate are especially 
sensitive to curare and erythrina-alkaloids. 
Since these alkaloids in microgram amounts 
antagonized both excitement and the charac- 
teristic Straub-phenomenon- on the tails of 
morphinized mice before any peripheral par- 
alyzing action became evident, it was of 
interest to investigate whether this procedure 
could be employed as a sensitive biological 
method for the determination of low concen- 
trations of these alkaloids. 

Two methods which permit the estimation 
of curare in vitro have been developed which 
make use of isolated mammalian prepara- 
tions; one method (Bulbring-Chom’) employs 
the phrenic nerve diaphragm preparation from 
the rat and tests the curare depressant effect 
of rapid motor nert'e stimulation; the other 
(P. D. Garcia de Jalon'*) is based on the well 
known antagonistic action of curare’’ on the 
acetylcholine contracture in M. rectus ab- 
dominis of the frog. These in vitro methods 
provide a rapid check on pure curare prepara- 
tions, but are less useful for the exact measure- 
ment of impure preparations and tissue ex- 
tracts. The rabbit head drop method of 
McIntyre and Holaday® provides an accurate 
in vivo assay for this U^e of preparation but 

I I’ick, E. and Rioliards, G. V., J. Fharm, 
(Hid i>/). Thcrap., 1047, 89, 1. 

eStr.inl), W., Drut.fchc mcd. n'chnschr., lOlt, 
;t7, 14r>'2; Rtrauti. VT., and Hermann, 0., Jlioclirm. 
S., 1012 , 89 , 210 . 

0 Diilbring, E., Srit. J. Pharmacol, and Clumo- 
thcrap.. 1040, 1, .IS; Chou, T. C., ihid., 1047. 2, 1. 

t Giircia do .laloit. 1’. D., Quar. J. Pharm. and 
Pharmacol, 1047, £0, 2S. 

S ItU'Ssor, O., .and Nousolilos.c, S., Arch. f. exp. 
Path. ti. Pharmacol, 1022, 92, 254. 

a Mclntyro, A. lt„ and IToladay, H. .\., quoted 
hy llonnett, A. E.. ,Ita. J. P.‘:ychinl., 1041, 97, 1040. 


requires the use of an appreciable amount of 
substance. Recently Skinner and Young” 
have proposed a mouse assay which is de- 
pendent on the peripheral paralyzing action 
of the alkaloids as determined in the sloping 
rotating cylinder apparatus of Young and 
Lewis.® 

Method. Groups of S to 10 white mice, 
weighing 18-20 g each, are injected sub- 
cutaneously rvith 0.5 mg of morphine sulfate. 
Restlessness and the typical tail reflex occur 
generally within 5 to 10 minutes and persist 
for 2 hours or more. Doses smaller than 0.5 
mg of morphine sulfate are not recommended 
because the characteristic morphine effect is 
either delayed or of not sufficient duration. 
Curare and erythrina preparations, dissolved 
in 0.85% sodium chloride, are injected intra- 
peritoneally in a volume not exceeding 0.5 cc 
into animals exhibiting tlie topical morphine 
reaction. positive effect appears within 5 
to 10 minutes and is characterized by dis- 
appearance of the excitement phenomena and 
relaxation of the tails. This period lasts 
usually for 10-15-25 minutes and is followed 
by the gradual reappearance of restlessness 
and tail phenomenon. At this point, the mice 
may again be used for testing without danger 
of alteration of the alkaloid response since 
intraperitoneally injected curare is rapidly 
destroyed or excreted. 

Table I shows the results obtained follow- 
ing the injection of graded doses of various 
curare and erylhroidine preparations. From 
these data it can be determined that the 
median effective dose and its standard error 
of d-tubocurarine chloride is 2.8 rt 0.2 pg; 

I Skinner. H. G,, and Young, J. Ph,^. 

nm! Kxp. Thcrap.. 1947, 91, 144. 

s Young, D. M., and Lewis, A. K., Science, 1947 
10.7, 3CS. ‘ ’ 
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they were experienced in such concentrated cats these ratios were 57, 87, and 428 respec- 
form. It is interesting that the oldest appear- tively. In other words, of all the cats used 
ing cat in the group (No. 8) was first to die. it required at least 57 times the minimal 
The brain of this animal, like those of all convulsive coulomb value before any of them 
others, showed no evidence of gross pathology, died. And in one instance a cat survived 428 
Microscopic studies will be reported later, times the original minimal convulsive coulomb 
Electroencephalographic changes were ofa- value. 


served, however, as the experiment progressed 
and these consisted for the most part of a 
gradual slowing and decrease in voltage. De- 
tailed study of these findings is now under 
way. 

The rise of the convulsive threshold as the 
experiment progresses is also significant in 
that it is at first very gradual. Later it 
increases in accelerated fashion so that in 
some cases the animal requires 4 times the 
initial voltage and as much as 7 times the 
initial amperage before responding with a 
convulsion. This is probably due to exhaus- 
tion, and experiments are now being planned 
to verify this hypothesis. 

The striking fact obtained from this study 
is that no positive correlation between the 
amount of electricity applied and the toler- 
ance of the animal could be demonstrated. 
This lack of correlation can best be appre- 
ciated from the tabulated coulomb-body 
weight ratios (Q/lbs) in Table I. These 
ratios show a variation of from 0.21 to 1.22 
total coulombs per pound body weight in 
those animals which expired; while the sur- 
viving animals showed variations in ratios 
which were almost as great. This seems to 
indicate that of those cats which expired some 
required almost 6 times as many coulombs as 
others. It, therefore, appears that tolerance 
of electrical stimulation by a particular ani- 
mal varies for each animal as an individual. 
Perhaps the best criterion of the ability of 
the cat to withstand electrical stimulation is 
illustrated in Table II. Here, a comparison 
of the original convulsive quantity of current 
(Qo) with the total coulombs used (Qi) 
discloses that in those cats expiring this ratio 
varied from 57 to 403. In the 3 surviving 


Sumviary. Adult cats submitted to re- 
peated stimulations with, whenever possible, 
minimal convulsive doses of electricity showed 
an ability to withstand 30 to 87 major con- 
vulsions before expiring. Of those cats sur- 
viving the experiment one e.xperienced 95 
such convulsions. Initial voltage was observed 
to rise in one instance to approximately 4 
times, and initial amperage was observed in 
one instance to rise to approximately 7 times 
the original minimal convulsive levels as the 
experiment progressed. The oldest appearing 
cat in the group was first to succumb. The 
brain of this cat, like the brains of all others, 
showed no gross pathological changes. Elec- 
troencephalographic changes in the form of 
gradual slowing and decreasing voltage were 
observed as the e.xperiment progressed. The 
surviving cats showed no gross defects in 
behavior 21 days after the last convulsion. 

It is assumed that death when it occurred 
was the result of e.xhaustion. No correlation 
between total applied current and tolerance 
could be ascertained. The striking observa- 
tion is the unexpectedly high tolerance of the 
adult cat for repeated minimal convulsive- 
inducing doses of electricity. This is quanti- 
tatively best shown in comparisons between 
original minimal convulsing coulomb values 
and total coulombs used. In those cats which 
expired this total varied from 57 to 403 times 
the original minimal convulsive quantity. Of 
the surviving cats one received as much as 
428 times the original minimal convulsive 
coulomb value. These experiments, therefore, 
point to the relative safety of the minimal 
convulsive dose of electricity in the cat and 
suggest a probable greater tolerance in the 
human than has heretofore been recognized. 
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A Biological Method for Determinatton of Curare and Erythroidine- 

Alkaloids. 

E. P. Pick and G. V. Richards. 

From the Mcrch Institute for Therapeutic Hescarch, T.ahway, XJ., and the Zahoratorics of 
the Mount Sinai Bospital, Xew Torh City. 


Recent studies^ have shown that mice pre- 
treated with morphine sulfate are especially 
sensitive to curare and erythrina-alkaloids. 
Since these alkaloids in microgram amounts 
antagonized both excitement and the charac- 
teristic Straub-phenomenon- on the tails of 
morphinized mice before any peripheral par- 
alyzing action became evident, it was of 
interest to investigate whether this procedure 
could be employed as a sensitive biological 
method for the determination of low concen- 
trations of these alkaloids. 

Two methods which permit the estimation 
of curare in vitro have been developed which 
make use of isolated mammalian prepara- 
tions; one method (BUlbring-Chou^) employs 
the phrenic nerve diaphragm preparation from 
the rat and tests the curare depressant effect 
of rapid motor nen^e stimulation; the other 
(P. D. Garcia de Jalon'*) is based on the well 
known antagonistic action of curare"' on the 
acetylcholine contracture in ill. rccfiis ab- 
dottiiiiis of the frog. These in vitro methods 
provide a rapid check on pure curare prepara- 
tions, but are less useful for the exact measure- 
ment of impure preparations and tissue e.x- 
tracts. The rabbit head drop method of 
McIntyre and Holaday*’ provides an accurate 
in vivo assay for this type of preparation but 

' I’icU, K. I’., aiid Kicliiird?, G. V., .7. Fharm. 
and Fxp. Thrrnp., 1047, 81), 1, 

'-Straub, \V., Dnit.sche ntrd. Wchuschr., 1911. 
87, 14G2; Straub, \V., autl Htrrinauu, O., Pioclirm. 
X., 1912, 89, 210. 

•’niiilbring, K., ISril. .7. ritarmarol. and Chemo- 
thrrnp., 1940, 1, .IS; Cliau, T. C., ihid., 1947, 2, 1. 

) Garcia (Ic .Talou, 1’. I)., Qnar. J. Fharm. and 
Fhnrmacol,, 1947, 20, 2S. 

Kiosscr, O., and Xou?chloss, R., .4rr/i. /. exp. 
Fntli. 11 . I’linrianrol., 1922, 02, 294. 

McIntyre, A. It., and Iloladay, H. A., quoted 
by Rcnnctt, .\. K., -Im. ,7. F.syrhiat., 1941, 07, 1040. 


requires the use of an appreciable amount of 
substance. Recently Skinner and Young' 
have proposed a mouse assay which is de- 
pendent on the peripheral paralyzing action 
of the alkaloids as determined in the sloping 
rotating cylinder apparatus of Young and 
Lewis.® 

Method. Groups of 5 to 10 white mice, 
weighing 18-20 g each, are injected sub- 
cutaneously with 0.5 mg of morphine sulfate. 
Restlessness and the typical tail reflex occur 
generally within 5 to 10 minutes and persist 
for 2 hours or more. Doses smaller than O.S 
mg of morphine sulfate are not recommended 
because the characteristic morphine effect is 
either delayed or of not sufficient duration. 
Curare and erythrina preparations, dissolved 
in 0.85% sodium chloride, are injected intra- 
peritoneally in a volume not exceeding 0.5 cc 
into animals exhibiting the typical morphine 
reaction. .4 positive effect appears within 5 
to 10 minutes and is characterized by dis- 
appearance of the excitement phenomena and 
relaxation of the tails. This period lasts 
usually for 10-15-25 minutes and is followed 
by the gradual reappearance of restlessness 
and tail phenomenon. At this point, the mice 
may again be used for testing without danger 
of alteration of the alkaloid response since 
intraperiioneally injected curare is rapidly 
destroyed or excreted. 

Table I shows the results obtained follow- 
ing the injection of graded doses of various 
curare and erythroidine preparations. From 
these data it can be determined that the 
median effective dose and its standard error 
of rf-tubocurarine chloride is 2.8 d: 0.2 fig; 

7 Skinner, H. G., .and Toung, D. M., J. Fharm. 
and Zip. Thrrnp., 1947, 01, 144. 

S Young, D. M., and Lewis, A. II., .Science, 1947 
to.-,, 3CS. 
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^ ^ . . TABLE L 

Graded Doses o£ Various Curare and Erythroidine Preparations Antagonizing the Effect of ilorpliine 
Poisoning on Mice, ‘ 


Drug 

Dose per 

20 g mouse* 

Xo. of 
animals 

Ho. of animals 
responding 
with 

disappearance 
of morphine 
symptoms 

Duration of 
curare effect 
in min. 

Cryst. d-tuboeurarine cliloride 

2.5 f,g 

10 

5 

5-10 


3.0 

15 

10 

0-13 


5.0 ” 

10 

10 

25-50 

Strychnos curare (Merck) 

20.0 ” 

5 

0 



30.0 ” 

5 

5 

12 


40.0 ” 

5 

a 

2i 

Cryst. dihydro-y 3 -erythroidine-btomide 

40.0 ” 

5 

0 



50.0 ” 

10 

10 

18 


60.0 ” 

10 

10 

10 

Intocostrin (Squibb) 

15.0 milliunits 

5 




20.0 ” 

10 

a 

26 


25.0 ” 

10 

10 

19 


30.0 ” 

10 

10 

17-S3 


* All animals -srere injected subcutaneously -with 0.5 mg morphine sulfate 10 minutes before .md 
sboived typical symptoms of morphine poisoning. 


TABLE II. 

Doses of Various Alkaloids Influencing the Effect of Morphine Poisoning on Mice. 



Dose in y per 

Effect on morphine 


excitement and 

Drug 

20 g mouse* 

tail phenomenon 

Quinine methochloride 

100 

partial 

’ ’ ethochloride 

500 

no effect 

’ ’ sulfate 

500 

M 11 

Tetramethylammonium chloride 

100 

11 It 


200 

complete effect 

Tetraetliylammonium ’ ’ 

114 

partial effect 

Cryst. thiamine hydrochloride 

500 

no effect 

1000 

complete effect 

Acetylcholine ’ ’ 

50 

no effect 

Histamine ’ ’ 

300 



400 

complete toxic effect 

Nicotine base 

75 

no effect 


100 

partial toxic effect 

Guanidine hydrochloride 

1000 

no effect 

Bulbocapnine ’ ’ 

100 

partial effect 

250 

partial effect, qviiet, 



tails erect 

Scopolandne bydrobromide 

100 

250 

no effect 

partial effect (excited) 


500 

complete effect 


* All animals mere injected subcutaneously with 0.5 mg morphine sulfate 10 inimitos before 
and showed typical symptoms of morphine poisoning. 


for Strychnos Curare (Merck), 24.0 * 2.0 
ug; for dihydro-yS-erythroidine bromide, 44.0 
d:’ 3.0 fig; and for Intocostrin (Squibb), 
20 0 ± 2.0 milliunits. 

kveral other drugs have been tested for 
their ability to antagonize morphine e.^cite- 
ment and tail phenomenon. These results 


are shown in Table II. Mone of these drugs 
completely antagonize the effects of morphine 
poisoning in mice in doses smaller than 100 y 
per 20 g mouse. Thiamine hydrochloride, 
quinine ethochloride, quinine sulfate, hista- 
mine hydrochloride, bulbocapnine hydrochlor- 
ide, scopolamine hydrobromide, and guanidine 
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hydrochloride were without effect in doses 
oi 400-1000 7. Nicotine base exerted a par- 
tial effect in 100 7 dose; histamine was 
effective only in toxic amounts of 400 7 and 
acetylcholine chloride was ineffective in a 
dose oi 50 7. This analysis shows that 
although the several quartemary alkaloids 
and other drugs mentioned in Table II may 
influence the synaptic transmission or the 
myoneural junction, they do not compare 
nlth curare and erythroidine in their influence 
on the outward manifestion of morphine 
poisoning in mice. It may be noted here 
that IMyanesin® [a,/3-dihydroxy-7-2-(methyl- 
phenoxj'-propane)] in doses of 8 mg per 
mouse despite its curare-like action on the 
striated muscles, is not able to depress the 
tail reflex in morphinized mice. The data 


0 Berger, F. M., and Bradley, tV., Brit. J. 
Pliamacol., 19tG, 1, 2GS. 


seem to indicate that because of the relatively 
small amounts of alkaloid required to produce 
a positive effect, this method may be useful 
for the determination of curare or erythroidine 
in tissue extracts or urine even though other 
active substances may be present. 

Summary. A biological method for quali- 
tative and quantitative determination of 
curare and erythroidine is described. The 
method depends upon the antagonistic action 
of these alkaloids on the excitement and tail 
phenomenon in morphine-poisoned mice. The 
median effective dose and standard error for 
crj'stalHne d-tubocurarine chloride is 2.8 ± 
0.2 /xg; for Strj'chnos Curare (Merck), 24.0 
db2.0 /xg; for dihj’dro-j3-erythroidine bromide, 

44.0 ± 3.0 /xg; and for Intocostrin (Squibb), 

20.0 ±2.0 milliunits. Far higher doses of 
other drugs, including quarternarj' alkaloids, 
are necessarj’ to antagonize the effect of small 
amounts of morphine in mice. 
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Effect of Anoxic Anoxia on Propulsive Motility of the Small Intestine.* 

E. J. Van Lieke, W. V. Crabtree, D. W. Northup, and J. C. Stickney. 
From ihe Department of Physiology, TTesl Virginia University, Morgantoicn. 


It has been shown that although anoxic 
anoxia does not significantly affect the pro- 
pulsive motilitj' of the small intestine of the 
dog, it does so in the mouse,^ Since there is 
this apparent specific difference it was deemed 
worthwhile to study the effect of anoxic anoxia 
on still a different species, namely, the rat. 

Metftods. Paired albino rats as nearly 
alike in weight and age as possible were fasted 
24 hours. One served as a control and the 
other was subjected to anoxic anoxia. (In all, 
42 control and 42 e.xperimental animals were 
used.) The following partial pressures of 
oxx-gen were employed: 94 mm Hg, 80 mm 

* Aided by .1 grant of the Ella Sachs Plotz 
Foundation. 

t Van I.icrc. E. .T., Norfliup, B. VT., Stickney, 
.T. C.. and Emcr,<on, G. A., Am. J. Physiol., 1943, 
140, IIP. 


Hg, 63 mm Hg, and 53 mm Hg; correspond- 
ing to simulated altitudes of 14,000, 18,000, 
24,000, and 28,000 feet. 

The experimental animal was given 2 cc of 
a charcoal-acacia mixture by stomach tube, 
and after allowing 10 minutes for some of 
this mixture to enter the small intestine, 
placed into a low-pressure chamber for 30 
minutes. On removal from the chamber it 
was decapitated and the small intestine re- 
moved. The latter was slit open and the 
distance the charcoal-mi.xture had traversed 
the small intestine was measured. Control 
intubated animals were maintained at atmos- 
pheric pressure; in order to keep other e.xperi- 
mental conditions as nearly alike as possible, 
they were placed in cages on top of the low- 
pressure chamber, so that they were e.xposed 
to the same noise and xibration as the e.xperi- 



330 


A Biological Assay for Curare 


Graded Doses of Various Curare and 


TABLE I. 

Erythroidine Preparations Antagonizing the Effect 
Poisoning on Mice. 


of Morphino 


Drug 

Dryst. d-tubocurarine chloride 


Dose per 

20 g mouse* 

No. of 
animals 

No. of animals 
responding 
with 

disappearance 
of morphine 
sjTnptoms 

Duration of 
curare effect 
in min. 

2.5 fig 

10 

5 

5-10 

3.0 ” 

15 

10 

5-13 

5.0 ” 

10 

' 10 

25-50 


Strychnos curare (Merch) 


20.0 " 

30.0 ” 

40.0 ” 


5 0 — 
5 5 12 
5 5 24 


Oryst. dihydro-j3-erytliroidine-bromide 


40.0 ” 

50.0 ” 

60.0 ” 


5 0 — 

10 10 18 

10 10 10 


intocostrin (Squibb) 


15.0 milliunits 

5 

20.0 " 

10 

25.0 ” 

10 

30.0 *’ 

10 


5 26 

10 19 

10 17-35 


* All animals rvere injected subcutaneously rvith 0.5 mg morphine sulfate 10 minutes before and 
showed typical symptoms of morphine poisoning. 


TABLE n. 

Doses of Various Alkaloids Influencing the Effect of Morphine Poisoning on Mice. 



Dose in y per 

Effect on morphine 


excitement and 

Drug 

20 g mouse* 

tail phenomenon 

Quinine methochloride 

100 

partial 

” ethochloride 

500 

no effect 

’ ’ sulfate 

500 

t r It 

Tetramcthylammouium chloride 

100 

>1 11 


200 

complete effect 

Tetraethylammonium ’ ’ 

114 

partial effect 

Cryst. thiamine hydrochloride 

500 

no effect 


1000 

complete effect 

Acetylcholine ’ ’ 

50 

no effect 

Histamine ’ ’ 

300 



400 

complete toxic effect 

Nicotine base 

75 

no effect 


100 

partial toxic effect 

Guanidine hydrochloride 

Bulbocapnine ’ ’ 

1000 

no effect 

100 

partial effect 

250 

partial effect, quiet, 



tails erect 

Scopolamine hydrobromido 

100 

250 

no effect 

partial effect (excited) 


500 

complete effect 


* All animals were injected subcutaneously with 0.5 mg morpliine sulfate 10 minutes before 
and showed typical symptoms of morphine poisoning. 


for Strychnos Curare (Merck), 24.0 ± 2.0 
fig; for dihydro-/3-erythroidine bromide, 44.0 
±’ 3.0 fig; and for Intocostrin (Squibb), 
20.0 2.0 milliunits. 

Several other drugs have been tested for 
their ability to antagonize morphine e.vcite- 
ment and tail phenomenon. These results 


are shown in Table II. None of these drugs 
completely antagonize the effects of morphine 
poisoning in mice in doses smaller than 100 y 
per 20 g mouse. Thiamine hydrochloride, 
quinine ethochloride, quinine sulfate, hista- 
mine hydrochloride, bulbocapnine hj-drochlor- 
ide, scopolamine hydrobromide, and guanidine 
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TABLE T. 


Ration Fed to Eaeli Group of Bats.* 


Ingredient 

T” 

O 

Groups 

3 4 

5 

~6 

Casein, Labco 

5 

5 

10 

15 

20 

30 

PGA 0.4 ing/lOO g 0 

0 

0 

0 

0 

Glucose 

S3 

S3 

78 

73 

08 

58 

Cod Liver Oil 

O 

O 

o 

O 

o 

O 

Salt Mixture 44G 

4 

4 

4 

4 

4 

4 

Corn Oil 

4 

4 

4 

4 

4 

4 

Sulfiitlialidine 

O 

O 

O 

O 

O 

O 

* The following 

vitamins 

wore 

added 

per 

100 


jr basal ration; 




mg 

Thiamine 


.2o 

Riboflavin 


.50 

Pyridoxinc 


.25 

Nicotinic Acid 


1.0 

Calcium-iiantotlicnatc 


2.0 

Biotin 


.01 

p-Aminobenzoic Acid 


5.0 

Inositol 


10.0 

Choline 


100.0 

2-methyi-l, 4-naphthoquinone 

0.1 

Vit. A 

( Ha liver 

oil 

Vit. D 

( 2 drops/rat/week 


a-Toeoplicrol 1 nig/rat/weok 

diet of the rat is a significant factor in the 
production of the blood dyscrasias typical of 
PGA deficiency. In order to determine what 
level of protein might be fed and still produce 


anemia on a PGA-deficient ration containing 
sulfathalidine, the influence of different casein 
levels and the effect of PGA intake on anemia 
production in growing rats were investigated. 

Experimental. Six groups of weanling rats, 

5 in each group, were fed the rations 
given in Table I. The rats were fed ad 
libitum and kept on e.xperiment for six weeks. 
Their growth curves are given in Fig. 1. 
Starting with the third week on the e.xperi- 
ment, blood hemoglobin levels and red blood 
cell counts were determined weekly for the 
next 4 weeks. The hemoglobin values are 
given in Fig. 2. The red blood cell counts at 

6 weeks are given in Table II. 

Dheussion. From tliis experiment it ap- 
pears that the anemia produced by a protein 
deficiency on a sulfathalidine-containing 
PG.A-low ration will respond to either PG.\ 
or to protein (Fig. 1 and Table IV). On the 
other hand, the lack of growth on a casein . 
diet was not affected by the addition of PG.'\ 
to this diet (Fig. 2 and Table III). 

The differences between the average gains 
of the rats for each group were analyzed 
statistically and no difference was found be- 



Fio. 1. 

Growtli ciin-os of I'xprrUiwiit.'i] r.its. 
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TABLE I. 

• -ESect of Anoxia on Pwistalsis of the SMaU litteatlB c in Eats. 

CSontrol Anoxia 

, ^ , 

% of gut % of gut 

PO 2 Altitude, No. of traversed at No. of traversed at 
mmHg feet animals end of 40 min. animals end of 40 ruin. 

94 14,000 11 ~ ri n 0.19 

80 18,000 9 82 11 04 <0.01 

63 24.000 10 76 10 50 <0.001 

53 28,000 12 78 10 40 <0.001 

* Significant when “J?” (according to Eislier) is 0.05 or less. 


mental animals. 

Results and Discussion, The data, Table I, 
show that anoxic anoxia did not decrease the 
propulsive motility of the small intestine sig- 
nificantly at a simulated attitude of 14,000 
feet. Above this level, however, the motility 
was significantly decreased by the anoxia. 

The results indicated that the threshold for 
anoxia on the peristalsis of the small intestine 
lay between a simulated altitude of 14,000 
feet and 18,000 feet. In previous work^ 
it was shown that the propulsive motility of 
the intestine of the mouse was not signifi- 
cantly decreased until a simulated altitude of 
13,000 feet was reached. The results obtained 
with rats, therefore, show fair agreement with 
those for mice. Since anoxic anoxia stimu- 
lates the sympathetic division of the auto- 
nomic nervous system it would be expected 
that intestinal movements would be decreased. 

The authors still can offer no adequate 
explanation for the negative effect of anoxic 
anoxia on the propulsive motility of the small 


intestine in the dog. The current experi- 
ments suggest that as far as the propulsive 
motility of the small intestine is concerned 
the rat is somewhat less resistant to ano.via 
than the dog. However, it should be pointed 
out that both of these animals are relatively 
resistant to anoxic anoxia so that the differ- 
ence observed by us between the two species 
probably cannot be attributed entirely to this 
factor. 

Summary. The effect of anoxic anoxia on 
the propulsive motility of the small intestine 
of the albino rat was studied at the following 
partial pressures of o.xygen; 94 mm Hg, 80 
mm Hg, 63 mm Hg, and S3 mm Hg; corre- 
sponding to simulated altitudes of 14,000, 
18,000, 24,000, and 28,000 feet. At a simu- 
lated altitude of 18,000 feet or higher there 
was a significant decrease in propulsive mo- 
tility. The threshold lay between 14,000 and 
18,000 feet. The results differ from those 
obtained in the dog but show fair agreement 
with those in the mouse. 
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Protein Level and Pteroylglutamic Acid Intake on Growth Rate and 
Hemoglobin Level in the Rat. 

O. Shehata and B. Connor Johnson. 

From the Division of Animal Nutrition, VniversiUj of JUhwis, Vrlmna, JUinois. 


In attempts to produce a pteroylglutamic 
acid (PGA) deficiency in the pig, baby pigs 
were fed a PGA-low “synthetic” diet_ con- 
taining 30 fo casein and 2fo sulfathalidine. 
However, no blood dyscrasias were observed. 
Kornberg, Daft and SebrelP and Daft* have 


shown that limitation of the casein in the 

1 Johnson, B., Connor, .Tames, Jlari.nn, P., .and 
Krider, J. L., «T. Animal Scirnce, 1947, 0, 4S0. 

2 Kornhv'rK, jVrthur, Daft, Floyd S., and Scbrell, 
W. IB, Science, 1940, 103, 040. 

SDaft, Floyd S., Fed. Troc., 3947, C, 405. 
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TABLE n'. 


Statistical Treatment of Data. Hemoglobin LctcIs in 100 g/100 cc of Bats at 6 Weeks. 


Group Eo. 

1 

5% “h PAGA 
casein 

9 

5% 

casein 

3 

107c 

casein 

4 

15%. 

casein 

20*% 

casein 

6 

30%, 

casein 

Eat 2 

13.1 

8.0 

8.3 

12.0 

12.0 

12.4 

3 

12.4 

8.3 

11.0 

10.7 

11.2 

14.2 

4 

13.8 

8.9 

11.2 

10.6 

12.4 

13.1 

0 

12.7 

8.9 

11.0 

12.4 

13.8 

12.4 

Mean 

13.0 

8.5 

10.4 

11.4 

12.4 

13.0 


Group compared 

1 TS. 2 

2 vs. 3 

3 vs. 4 

4 vs. 5 

5 vs. 6 

Probability of Difference* 

<.01 

.025 

.15 

.12 

O 

1 vs. 3 

2 vs. 4 

3 vs. 5 

4 vs. 6 



<.01 

<■01 

.025 

,025 



1 vs. 4 

2 vs. 5 

3 VS. 6 




.01 

<.01 

.01 




1 vs. 5 

2 vs. 6 





.15 

1 vs. 6 

<.01 





.028 






* Stndent.i 


of a more complete list of vitamins (including 
para-aminobenzoic acid, inositol, etc.) in our 
ration, to differences in carbohydrate, etc.; or 
it may be that sulfathalidine is not as useful 
for prevention of intestinal synthesis of PGA 
in nutritional experiments as are some of the 
other insoluble sulfa drugs. However, Teply, 
Kvehl, and Elvehjem'® have produced growth 
depression on a 15% casein “synthetic” diet 
containing 78% sucrose and 2% sulfathali- 
dine, which was partially corrected by feeding 
a "folic acid” concentrate. Wright, Skeggs, 

I .Student, Siomclrika, 190S, G, 1. 

5 Korn\)erg, A., Daft, E. S., and ScUrell, tV. H., 
Proc. Soc. Exr. Biol, axd Med., 1045, 58. 4G. 

« Kornbcrg, A., D.aft, P, S., .and ScbroJJ, IV. Ij., 
.Sffni<-e, 1043, 08, 20. 

~ Axelrod, A. E., Gro5<!. P., Bofsc. M. D.. and 
.Siringle, IC P., J. Biol. Chcm.. 1043, 148, T"l. 

s Xielsen, E., and Elvelijem, C. S., J. Biol. Chcm , 
1042, 145, 713. 

n. Spicer, S. S., Daft, P. S., Sebrell. IV. II.. and 
AsiiUirn. L. L.. Pull. Health P.cp., 1042, 57. 157,0. 

WTcpl.v, L. .1., Krcld, tV. A., and ElTclijcm, 
C. .tm. ,T. Phufiol, 1047, 148, 01. 


and Sprague, using diets containing 5% 
sulfasuxidine, have shown that on a high pro- 
tein (30% casein) diet, “folic acid” stores in 
the liver and “folic acid” excretion in tlie feces 
are higher than on a normal (18% casein) 
diet. They also obtained better growth on 
the high protein diet, due to the lower PGA 
requirement. 

Summary. Anemia was produced in grow- 
ing rats bj' feeding a ration containing 5% 
casein and 2% sulfathalidine, to which no 
pterojdglutamic acid was added. This anemia 
was prevented either by the addition of pter- 
oylglutamic acid to the diet or by increasing 
the casein to 20%. 

There was no improvement in growth when 
PG.A was added to the 5% casein diet, while 
30% casein gave normal growth. 

TIic sulfathalidine used in this experiment was 
ven- gcnerousl.v supplied h.v Sharp and Dohmc, 
Phil.adelphia, Pa., through tlic eourtcs.v of Dr. 

F, Scheidr, 

niVright. L. lC^k^^g^7jri?TM5~Spr^^ 

L, L., J. A'ufrifton, 1945, 20, 431. 
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WEEKS ON DIET 

Fig. 2. 

Hemoglobin concentration of blood from experi- 
mental rats. 


TABLE II. 

Average Bed Blood Cell Count at 6 'Weeks for 
Groups of Bats Eod Increasing Levels of Casein. 


Group No. 

% 

Eation 

Avg BBC 
millions per mm3 

1 

5 

Casein + PGA 

7.16 

2 

5 

Casein 

5.11 

3 

10 

i 7 

5.95 

4 

15 

1} 

6.22 

5 

20 

f> 

6.60 

6 

30 

} y 

7.15 


tween those receiving 20 and 30% protein 
(P = 0.45), but significantly lower rates of 
gain were found at lower casein levels (30% 


or 20% versus any other, P < .01). The 
statistical analysis of this data is given in 
Table III. 

Statistical analysis of the data on concen- 
tration of hemoglobin in the blood at the end 
of six weeks, given in Table IV indicated; 

(1) that the presence of either PGA or of IS, 
20, or 30% casein in the diet produced a 
significantly greater concentration of hemo- 
globin in the blood than did a 5% casein diet; 

(2) that diets containing 5% casein plus PGA 
or 20 or 30% casein produced equal hemo- 
globin concentrations; and (3) that without 
PGA, 10% casein produced no significantly 
greater hemoglobin concentration than did 
5% casein. This would indicate that for 
normal hemoglobin formation in the absence 
of PGA, over 15% casein is required in the 
diet, that is, between 15 and 20% casein pro- 
vides adequate precursors for the synthesis 
of PGA. 

It is also to be noted that even with 2% 
sulfathalidine in the diet, no significant anemia 
was observed in the absence of PGA on a 20% 
casein diet. Several workers'^® have produced 
typical symptoms of PGA deficiency using 
18% casein diets with various sulfa drugs 
used as the intestinal bacteriostatic agents. 
Our inability to produce blood discrasias at 
20% casein may be due to differences in the 
PGA content of Labco casein, to the inclusion 


TABLE III. 


Statistical Treatment of Data, Gains of Bats at G Weeks (g). 


Group No. 

1 

5% casein 
-1- PGA 

2 

5% 

casein 

3 

10% 

casein 

4 

15% 

casein 

5 

20% 

casein 

6 

30% 

casein 

Eat 1 

1 

8 

32 

74 

126 

125 

2 

—3 

2 

42 

92 

95 

1.S8 

3 

-—3 

1 

34 

74 

108 

111 

4 

—4 

—3 

52 

55 

105 

104 

5 

dead 

—1 

31 

82 

95 

108 

Moan 

O O 

1.4 

38.2 

75.4 

105.8 

117.2 

nations compared 


1 vs. 2 2 vs. 3 

3 vs. 4 

4 vs. 5 

5 vs. (5 

Probability of Difference* 


.45 <.01 

1 vs. 3 2 vs. 4 

<.01 <.01 

1 vs. 4 2 vs. 5 

<.01 <.01 

1 vs. 5 2 vs. 0 

<.01 <.01 

1 vs. 6 
<.01 

<.01 

3 vs. 5 
<.01 

3 vs. 6 
<.01 

<.01 

4 vs. 0 
<-01 



* Studeut.4 
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T ABtE rr. 

Stafetieal Treatment of D^te- H^.gbfe ISO Sats st 

Groap Xo. 


Bat 2 
3 

5 

lleaa 


Gronp compared 
Probabilitv o£ OiSerecee’ 


I vs. 2 

2 vs. 3 

^ — St -1 
•J *5., ~ 

^ VS. 5 

<.01 

.02.5 

.15 


1 v5. 3 

2 vs. 4 

3 vs. 5 

4 vs. f* 

<-01 

<.01 

Sf!Xi 

.fr25 

1 V3. 4 

2 vs. 5 

3 vs. 6 


.01 

<.01 

.01 


1 vs. r» 

2 vs. 8 



4-5 

<-0i 




1 T3. 6 

M? 


6 Wee^- 
i? 


X 

5fc 4-P^GA 
cas^ 

5^ 

casein 

105^ 

cas-ein 


essezn 

easrin 

13.1 

12.4 

13.5 

12.7 

13.0 

s.o 

SJ3 

SSI 

ss 

sis 

S.3 

lEO 

rL2 

lEO 

10.4 

12.0 

10.T 

10.6 

12.4 

1E4 

12.0 

FL:2 

12.4 

13.5 

12.4 

JflA 

ISJ. 

12^ 

1S.0 


' Student.-* 


o( a more complete list of \-itamin5 (including 
para-aminofaenzoic acid, inositol, etc.) in oar 
ration, to diSerences in carbohydrate, etc.; or 
it may be that snifathaiidine is not as useird 
for prevention of intestinal sr-nthesis of PGA 
in nutritional experiments as are some of the 
other insoluble sulfa drup. However, Teply, 
Krehl, and Elvehjem^'’ have produced growth 
depression on a 15% casein “sj-nthetic" diet 
containing 78% sucrose and 2% sulfathali- 
dine, which was partially corrected by feeding 
a “folic acid” concentrate. V>'right, Shegp, 

r Stxideiit. BiomciriJ:a, 190S,. 0, 1. 

^ Koroberg. A.. Daft. F. S., and Sebrcll. V,'. H., 
Pr.oc. Soc. Esp. Eiou axd Med.. 1945, .58. 40. 

Komberg. A.. Daft, F. S., and Sebrell. VT. H., 
Seirttce, 1943, 98, 20. 

r .Axelrod, A. E., Gro?'. P., Bo=5c. M. D., and 
Swingle, K. F., J. Biol. Chen., 1943, 148, 72L 
sXieben, E., and Elvebjcra, C, S., J. Biol. Chen.. 
1942, 14o, 713. 

» Spicer. S. S.. Daft. F, .S,. Sebrell M". IL. and 
Ashbnm. L. E., Pull. Health Bep.. 1942. 57, 1559, 
toTeplv, Ij. .7., Krelil, M. A., and Elvebjetn, 
C. A., Jm. ,r. Physiol, 1947, 148, 91. 


and Sprague,^ using diets containing 5% 
stdiasinddine, have shows that on a high pro- 
tein (30% casein) diet, “folic add” stores in 
the liver and “folic arid” excretion in the feces 
are higher than on a normal (18% casein) 
diet. They also ohtaiaed better grorrth on 
the high protein diet, due to the lower PGA 
requirement- 

Summary. Anemia was produced in grow- 
ing rats by feeding a ration containing 5% 
casein and 2% sulfatbaUdine, to which no 
pteroylglutamic arid was added. This anemia 
was prerented either by the addition of pter- 
oylglutamic arid to the diet or hr- increasing 
the casein to 20%. 

There was no improvement in growth when 
PG.\ was added to the 5% casein diet, while 
30% casein gave normal growth. 

The rnlfathalidlnc wed in this erperiment was 
very gcncrowiv snppik-'l by Sharp and Dohire, 
Philaiic-lphia, Pa., tbroagh the conrteeBv of Dr. 
S. F. Schc-idy. 

n Wright, L. D..”s:-;eg^rH7B7and Spra^ 
L, Jj., J. A'vfritfon, 1945, 29, 42L 
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Effect of Vagotomy on Gastric Secretory Response to Histamine* 


Harry A. Oberhelman, Jr., and Lester R. Dragstedt. 
From the Department of Surgery 


During the course of routine studies on 
the gastric physiology of ulcer patients, it was 
noted that the gastric secretory response to a 
standard dose of histamine was decidedly less 
after complete gastric vagotomy than had 
been secured in the preoperative period. This 
surprising finding, which suggested that the 
physiological action of histamine was not 
solely upon the cellular elements in the gastric 
mucosa, prompted the present investigation. 
Early in the work on histamine, it was re- 
ported by Popielski^ and by Keeton, Luck- 
hardt, and Koch- that this drug could produce 
a gastric secretory response after section and 
subsequent degeneration of the vagus nerves 
to the stomach. Ivy and Javois® found that 
histamine would stimulate gastric secretion 
in a denervated gastric pouch prepared after 
the method of Bickel, and Klein^ reported 
that a similar response could be obtained from 
a transplanted stomach pouch that had been 
deprived of its muscular layers and the myen- 
teric ple.\us. These findings indicate that 
histamine can stimulate the peripheral neuro- 
glandular mechanism of the stomach, or pos- 
sibly the gland cell itself. Most investigators 
agree that histamine acts more intensely on 
acid producing cells than on the cells which 
elaborate pepsin. It has been suggested that 
the increased gastric secretion produced by 
histamine is secondary to the vaso-dilatation 
and increased blood supply to the mucosa 
produced by the drug. A central action of 
histamine is not indicated. The material pre- 
sented in this paper includes studies both on 

* TJiis work }ias been aided by a grant from the 
Doiigias Sniitli Foundation for Medical Besearcli, 
■University of Cliieago. 

iPopielski, L., Pflng. Arch. f. d. yes. Physiol., 
1920, 178, 214. 

2 Keeton, E. W., Luckhardt, A. B., and Koch, 

F. C., Am. A. Physiol., 1920, 51, 409. 

3 1^, A. C., and Javois, A. J., Aw. J. Physiol., 

1924, 71, 004. 

•1 Klein, E., Arch. Surg., 1932, 25, 442. 


of the University of Chicago. | 

experimental animals and man. > 

Experimental Data. The stomach of ”, 
was isolated from continuity with the aliraet 
tary tract by the method described by Drat 
stedt and Ellis.® Great care was taken no 
to interfere with the vagus nerve supply w 
blood supply to the isolated stomach. A goH 
plated cannula was introduced for the collec- 
tion of gastric secretions and the continuity cl 
the alimentary tract was restored by anisto- 
mosing the lower end of the esophagus to Ife 
upper end of the duodenum. Animats pre- 
pared in this fashion were found to scerde 
large volumes of gastric juice daily and they 
were kept in electrolyte and fluid balance by 
the injection of large amounts of salt soluti® 
intravenously. When they had entirely recov- 
ered from the surgical procedure, which usu-- 
ally required approximately two weeks, they 
were used for the following studies. The 
isolated stomach preparation of this type 
permits the quantitative collection of the 
gastric secretion from the entire stomach for 
any desirable period of time. After a control 
collection of the gastric secretion, one milli- 
gram of histamine phosphate was injected 
subcutaneously and the gastric juice secreted 
in the following 75 minutes examined for 
volume, free hydrochloric and total acid 
secretion. Usually a series of 4 such tests 
were performed on each animal to determine 
the average secretory response to histamine. 
A transthoracic section of the vagus nerves to 
the stomach was then performed under ether 
anesthesia with a positive pressure apparatus. 
The completeness of the vagus section was 
confirmed in each case by a negative response 
to insulin hypoglycemia. Following recovery' 
from the vagus section, the animals were 
tested with histamine e.xactly as before the 
operation. The results obtained are indicated 
in Table I. It is apparent that the volume 

r. Dragstedt, h. B., and Kllia, J. C., An. ,j 
Physiol., 1930, 03, 40". 
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TABLE I. 


Effect of Vagotomy on Gastric Secretory Response to Histamine in Total Pouch Dogs. 


Dog No. 

Gastric juice secreted in 75 min. after the subcutaneous injection of 1 nig 
of histamine pliosphate 

Before vagotomy 

After vagotomy 

Decrease, % 

Vol., cc 

Total HCI output 
m. eq. 

Total HCI output 
Vol., cc m. cq. 

865 

162 


81 

50 



20.7 

7.9 

62 

875 

139 


45 

67 



17.8 

4.1 

77 

898 

78 


44 

44 



8.72 

3.42 

60 


Note: These data present the average of at least 4 tests on each dog. 


TABLE II. 

Effect of Atropine on Gastric Secretorj- Response to Histamine Before and After Vagotomy in Total 
Pouch Dogs. 

Before vagotomy After vagotomy 


HCI output, HCI output, 

Dog No. Stimulus Voh, co m. cq. Voh, ce m. eq. 


865 

1 mg histamine 

162 

20.7 

81 

7.9 


2 mg atropine, 30 min. later 1 mg histamine 

20 

1.4 

17 

1.2 

875 

1 mg histamine 

139 

17.8 

4i) 

4.1 


2 mg atropine, 30 min. later 1 nig histamine 

24 

2.1 

19 

1.4 


_ Note: These data present the average of at least 2 tests before and after .atropine administration 
each dog. 


of gastric juice secreted in response to the 
subcutaneous injection of a standard dose of 
histamine was decreased by 50, 67, and 44% 
respectively, by complete division of the 
'’3gus nerves to the stomach. The total 
hydrochloric acid output in the gastric juice 
>n response to histamine was diminished after 
'’ugotomy by 62, 77, and 60% respectively, 
as compared with preoperative values. Sim- 
uar results were obtained in 2 additional 
animals prepared in the same way. In 2 of 
^ a animals, the effect of atropine on the 
secretion of gastric juice produced by the 
subcutaneous injection of histamine , was 
etermined both before and after section of 
f e vagus nerves to the stomach. The results 
are indicated in Table II. One milligram of 
istamine phosphate was injected subcutane- 
ous \ and the gastric secretion collected for 
a period of 75 minutes. Two milligrams of 
atropine sulphate were then given subcutane- 
ous \ . and 30 minutes later, a second sub- 
cutaneous injection of one milligram of his- 
tamine phosphate was made. Following the 


administration of the atropine, th? volume of 
gastric juice secreted in response to the injec- 
tion of the standard dose of histamine was 
reduced in the one case bj' 88, and in the 
other by 82%. Likewise, the total acid 
output decreased 93 and 88% respectively. 
It is interesting that following vagotomy, 
atropine exerted as great an inhibition to the 
gastric secretory response to histamine as 
before vagus section. 

Clinical Studies. The studies on man were 
carried out on 2 groups of patients. The first 
comprised 15 patients with peptic ulcer who 
were treated by transthoracic section of the 
vagus nerves to the stomach at the .Albert 
Merritt Billings Hospital, while the second 
group included IS ulcer patients who under- 
went transabdominal gastric vagotomy at the 
Illinois State Penitentiary at Statevillc. Xone 
of the patients in either group had an asso- 
ciated gastroenterostomy. In the first group, 
the observations were made as follows; Con- 
tinuous aspiration of the gastric content was 
made during the night bv means of .m 
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. EfTect of Vagotomy on Gastric Secretory Response to Histamine.* 


Harry A. Oberhelman, Jr., and Lester R. Dragstedt. 

From the Department of Surgery 


During the course of routine studies on 
the gastric physiology of ulcer patients, it was 
noted that the gastric secretory response to a 
standard dose of histamine was decidedly less 
after complete gastric vagotomy than had 
been secured in the preoperative period. This 
surprising finding, which suggested that the 
physiological action of histamine was not 
solely upon the cellular elements in the gastric 
mucosa, prompted the present investigation. 
Early in the work on histamine, it was re- 
ported by Popielski^ and by Keeton, Luck- 
hardt, and Koch- that this drug could produce 
a gastric secretory response after section and 
subsequent degeneration of the vagus nerves 
to the stomach. Ivy and Javois* found that 
histamine would stimulate gastric secretion 
in a denervated gastric pouch prepared after 
the method of Bickel, and Klein* reported 
that a similar response could be obtained from 
a transplanted stomach pouch that had been 
deprived of its muscular layers and the myen- 
teric plexus. These findings indicate that 
histamine can stimulate the peripheral neuro- 
glandular mechanism of the stomach, or pos- 
sibly the gland cell itself. Most investigators 
agree that histamine acts more intensely on 
acid producing cells than on the cells which 
elaborate pepsin. It has been suggested that 
the increased gastric secretion produced by 
histamine is secondary to the vaso-dilatation 
and increased blood supply to the mucosa 
produced by the drug. A central action of 
histamine is not indicated. The material pre- 
sented in this paper includes studies both on 

• This work has been aided by a grant from the 
Douglas Smith Foundation for Medical Bescarch, 
University of Chicago. 

1 Popielski, L., Pfiug. Arch. f. d. .gcx. Physiol., 
1920, 178, 214. 

2 Keeton, E. W., Luekhardt, A. B., and Koch, 

F. C., Am. J. Physiol., 1920, 51, 409. 

3 and .Tavoia, A. J., Am. J. Physiol., 

1924, 71, 604. 

4 Klein, E., Arch. Siirg., 1932, 25, 442. 


of the University of Chicago. 

experimental animals and man. 

Expermental Data. The stomach of dogs 
was isolated from continuity with the alimen- 
tary tract by the method described by Drag- 
stedt and Ellis.® Great care was taken not 
to interfere with the vagus nerve supply and 
blood supply to the isolated stomach. A gold- 
plated cannula was introduced for the collec- 
tion of gastric secretions and the continuity oi 
the alimentary tract was restored bj' anasto- 
mosing the lower end of the esophagus to the 
upper end of the duodenum. Animals pre- 
pared in this fashion were found to secrete 
large volumes of gastric juice daily and they 
ivere kept in electrolyte and fluid balance by 
the injection of large amounts of salt solution 
intravenously. When they had entirely recov- 
ered from the surgical procedure, which usu- 
ally required approximately two weeks, they 
were used for the following studies. The 
isolated stomach preparation of this type 
permits the quantitative collection of the 
gastric secretion from the entire stomach for 
any desirable period of time. After a control 
collection of the gastric secretion, one milli- 
gram of histamine phosphate was injected 
subcutaneously' and the gastric juice secreted 
in the following 75 minutes examined for 
volume, free hydrochloric and total acid 
secretion. Usually a series of 4 such tests 
were performed on each animal to determine 
the average secretory response to histamine. 

A transthoracic section of the vagus nerves to 
the stomach was then performed under ether 
anesthesia with a positive pressure apparatus. 
The completeness of the vagus section was 
confirmed in each case by a negative response 
to insulin hypoglycemia. Following recovery- 
from the vagus section, the animals were 
tested with histamine exactly as before the 
operation. The results obtained are indicated 
in Table J. It is apparent that the volume 

Ell-H, .1. C., Am. J. 

rhysiol.. 1930, 05, *07. 
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tiary, the tests were performed in a similar 
manner, except that the gastric content was 
collected by continuous Wangensteen suction 
for a period of 60 minutes after the sub- 
cutaneous injection of the standard dose of 
histamine. The postoperative tests were per- 
formed from 3 to 6 weeks following the gastric 
vagotomy when the patients had entirely re- 
covered from the operation. The effect of 
gastric vagotomy on the secretory response to 
histamine in the IS ulcer patients studied at 
the University of Chicago Clinics is illustrated 
in Table III. In this series of patients, the 
vagotomy produced a decrease of 41% in the 
volume of gastric juice secreted in response 
to the histamine injection and a decrease of 
62% in the total amount of hydrochloric acid 
produced. The free acid concentration for 
the 15 tests decreased from an average of 93 
clinical units to 67 following the vagus sec- 
tion. Table IV illustrates the results secured 


in the 18 patients with peptic ulcer studied 
at the Illinois State PenitentiarjL In these 
patients, the average volume of gastric juice 
secreted in response to a standard dose of 
histamine decreased 56%, and the total acid 
output 74% after the vagotomjL The aver- 
age free acid concentration of the histamine 
stimulated gastric juice averaged 110 clinical 
units before vagotomy and 48 clinical units 
after the operation. 

Cofichisions. 1. The gastric secretory 
response to a standard dose of histamine in 
dogs with a totally isolated stomach pouch 
is markedly reduced by bilateral vagotomy. 

2. Atropine similarly reduces the gastric 
secretory response to histamine in these 
animals. 

3. Gastric vagotomy in patients with peptic 
ulcer also markedly reduces the gastric secre- 
tory response to a standard dose of histamine. 
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Effect of Bile Preparations on Fat Absorption in Bile Fistula Dogs.** 

J. R. Heersma and J. H. Annegers. (Introduced by J. S. Gray.) 

From the Department of Physiology, Northwestern Dtiiversity Mcdieal School, Chicago, lU. 


That bile is concerned in the absorption 
of dietary fat has been qualitatively estab- 
lished by the observation of steatorrhea in 
animals^ and in man- when bile fails to reach 
the intestine. The effectiveness of human 
whole bile in correcting this absorptive defect 
has been shown in only 2 patients,® and bile 
acid preparations have not been tested 
directly in man or experimental animals. 
Inconclusive and contradictory results from 

* Snpjiortcil in part By a grant from G. D. 
Scarlo and Company. 

t CofToy, R. «T., ^[ann, F. C., and Bollman, .T. L. 
-lai. .7. Dig. Dus., 1940, 7, 143; Sperry. W. M., 
.1. Diol. Cltem., 1930, So, 435. 

- llutcliinson, H. S., and ricming, G. R., Glas- 
gow Mcil. J., 1930, nt, 05; Tlinyscn, T. E., Acta 
Ifrd. Scanti., Supplement, 1920, 10, 3S4. 

aShapira. A., Koster, 11., Rittcnbcrg. D., and 
Slioenlieimer, It., .4rn. J. Physiol., 1930, 117, 523. 


studies of blood fat after a fatty meal,^ 
absorption from isolated intestinal loops,-"’® 
and ill vitro diffusion" or solubilization® con- 
stitute the basis for the belief that bile acids 
are essential for fat absorption, and that 


4 Crandall, L. A., and Ivy, H. B., Am. ,T. Physiol., 
1940, 120, 341. 

0 Plant, O. H., Am. J. Physiol., 190S, 2.% 05; 
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Tin? IT .4. 

Effect or Vagotomy on Gastric Secretory Response to Histamine in Patients with Peptic Ulcer. 
■ Pre-vagotomy Post-vagotomy 


Patient 

Vol., cc 

Total acid 
output, 
m. eg. 

r 

Vol., cc 

Total acid 
output, 
m. eg. 

Reduction Reduction in 
in vol., acid output, 
io yc 

No. 24 

168 

10.1 

103 

5.9 

39 

41 

68 

170 

10.9 

101 

2.0 

41 

SI 

73 

272 

28.9 

200 

11.2 

26 

61 

71 

198 

19.0 

203 

12.S 

—3 

33 

74 

338 

40.6 

151 

13.6 

56 

66 

17 

292 

18.8 

95 

6.5 

67 

65 

22 

164 

11.6 

84 

2.7 

4!) 

76 ' 

23 

194 

10.3 

109 

5.2 

44 

49 

24 

168 

11.0 

186 

5.5 

—1 

50 

2G 

353 

39.8 

131 

5.5 

63 

86 

27 

192 

21.8 

130 

12.8 

32 

41 

31 

143 

4.8 

68 

2.6 

53 

46 

32 

63 

2.6 

45 

.8 

30 

69 

34 

243 

25.6 

43 

2.5 

82 

90 

35 

SI 

4.0 

52 

1.1 

36 

72 

Avg 

203 

17.3 

113 

6.1 

41 

62 


Note: One mg of liistamine phospliate was given snbentnncously in tlio fasting state and 
the gastric content removed by continuous suction for 00 minutes. 


TABLE rv. 

Effect of Vagotomy on Gastric Secretory Response to Histamine in Male Prisoners with Peptic 

Ulcer. 



Pro-vagotomy 

Post-vagotomy 



Total acid 

r ' A 

Total acid 

Reduction Reduction in 


output. 

output. 

in vol., acid output, 

Patient 

Vol., cc m. eg. 

Vol., cc m. eg. 

% % 


No. 10 

176 

22.2 

4 

267 

28.8 

11 

315 

42.5 

8 

274 

30.7 

9 

262 

31.4 

5 

315 

27.1 

14 

200 

20.6 

13 

290 

33.3 

15 

210 

26.0 

19 

232 

24.1 

22 

350 

41.6 

21 

286 

28.6 

25 

118 

8.1 

28 

142 

13.4 

26 

210 

25.6 

24 

166 

15.8 

30 

308 

40.9 

23 

238 

25.9 


154 

16.8 

13 

24 

124 

11.9 

53 

59 

98 

3.7 

68 

91 

32 

3.0 

88 

90 

84 

4.7 

67 

85 

162 

15.1 

48 

44 

84 

3.1 

58 

So 

13 

O 

95 

99 

180 

17.1 

14 

34 

28 

.4 

SS 

97 

88 

1.8 

75 

95 

80 

o 

72 

99 

94 

o.'s 

12 

oo 

180 

9.7 

—21 

zo 

40 

.7 

SI 

or 

58 

1.2 

65 

02 

88 

1.9 

71 


94 

.5 

60 

07 


Avg 


242 


27.0 


94 


5.5 


50 


74 


ing gastric tube and the Wangensteen suction 
apparatus. In the morning, one milligram of 
histamine phosphate was injected subcutane- 
ously and the gastric content aspirated at 
10-minute intervals. Similar tests were made 
from 7 to 10 days after the gastric vagotomy. 


The volume of gastric juice secreted durii 
a period of 60 minutes was measured and i 
free acid concentration determined. From 
these figures, the total acid output u-as calcu- 
lated for each test. In the second group of 
patients studied at the Illinois State Peniten- 
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tiar^-. the tests Trere performed in a similar 
manner, except that the gastric content mas 
collected by continuous Wangensteen suction 
for a period of 60 minutes after the sub- 
cutaneous injection of the standard dose of 
lustanuce. The postoperative lets mere per- 
formed from 3 to 6 meeks folloming the gastric 
vasotomy when the patients had entireh' re- 
covered from the operation. The enect or 
saslric vasotomy on the secretory response to 
^tamine in the 15 ulcer patients studied at 
the L'nK'ersitr’ of Chicago Climes is illustrated 
in Table Hi' In this series oi patients, the 
vasotomy produced a decrease oi 415c in the 
volume of sastric juice secreted in response 
to the histamine injection and a decrease of 
625^ in the total amount of hydrochloric acid 
produced. The free acid concentration for 
the 15 tests decreased from an average of 93 
clinical units to 67 following the vagus sec- 
tion. Table IV illustrates the results secured 


in the IS patients mith peptic ulcer studied 
at the Illinois State Penitentiasy. In these 
patients, the average volume of gastric juice 
secreted in response to a standard dose of 
histamine decreased 565c.. und the total acid 
output 745^: after the vagotomy. The aver- 
age free add concentration of the nisiamine 
stimulated gastric juice averaged 110 ditucai 
units before vagotomy and 4S clinical xmits 
after the operation. 

Coriclusions. 1. The gastric secretoiy 
response to a standard dose of histamine in 
doss mith a totally isolated stomach pouch 
is markedlj- reduc^ by bilateral \-agotomy. 

2. Atropine similarly reduces the gastric 
secretory rep>onse to histamine in these 
animals. 

3. Gastric ingotomy in patients vrith peptic 
ulcer also markedly reduces the gastric secre- 
torv- response to a standard dose oi histamine. 
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Effect of Bile Preparations on Fat Absorption in Bile Fistula Dogs.* 

J. R. Heersila axd J. H. Axxegers. (Introduced by J. 5. Gray.) 

Frcr. if.' Dcjrcr'r-.cr.S of Pr.ys^otop'/, ycrtnercjtcrr. Crtccrf;!;; i£eo-.rcl S'f.ooi, Chicaco, IH. 


That bile is concerned in the absorption 
of dietary fat has been qualitatively estab- 
lished by the observation of steatorrhea in 
animals^ and in man- -when bile fails to reach 
the intestine. The effectiveness of hiunan 
whole bile in correcting this absorptme defect 
has been shown in only 2 patients,® and bile 
arid preparations have not been tested 
directly in man or experimental animals. 
Inconclusive and contradictory results from 

* Snpporte'i i" by a grrint from G. D. 

Srarb; Ccmpr.ny. 

J CofTc.-. n. J., Mar-n. F. C. ac4 Bo’Inmr.. .T. L. 

4. Dio. Di.f.. 1940, T, 143: Srirrrr. IV. 

J. F:'c!. Cl'-r... 19S0, S-j, 433. 

- IIutch:E50C. XL S.. tied FXctsir.c. G. B.. 
e.'ir iffd, J.. lOfO. 91, C3: ThEy-m. T. E.. Aoto 
Sca-.o.. Supr’.cmcE;. 1920. IG. 354. 

^Sboipiro. Ko?tor. II.. KirtvEb.Tc. D.. srid 
Sbo£=l.c-:n-.er, B.. .'r-.. 4. Fl.y.eVT., 1930, 117 , 523. 


studies of blood fat after a fatta* meal,^ 
absorption from isolated intestinal loops,'-^ 
and ir, I'itro diffusion* or solubilization' con- 
stitute the basis for the belief that bile adds 
are essential for fat absorption, and that 

4 CrsndEil, li. A., ard I’ry, H. B., Ato.J. Fr.yifo;.. 
1940, 129, 341. 

; Plant, O. H., Ar-.. 4. pr.y.do!., 1935. 23. 05: 
El“C?I. C.. 0'5:'.c-a, E. K.. and Bardin, L S.. ^r-.. 
4. Pf.osiol. 1935. 112. 009: Donbi-ct. H.. nnd 
Heintr, 21., Arch. Ir.'!. i!ea.. 1937, 59, S57. 

*rVi-a?. B. IV,. nnd Bc-rtcr-Virtne. Ar-.. J. 
F7.yf:V4.. 1942. 135. 770. 

rVerzar. F_ and Kathy, A.. Bioa.cr-.. E., 1929, 
210, 205; Breasrh, E. L.. Z., 1937. 293, 

— SC*. 

s McBain. J. VT.. Merrii!. B. C. -and Vinr^d. 
J. B.. Ar-.. a.tr.. Soc. 4.. 1941. G3. CTO: l-rerardsr, 
O.. and Stenhagen. E., Adc Pi.:. riel. Scc-P... 1942. 
4, 349. 
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TABLE 1. 

Eecal Eat Excretion in Bile Fistula Dogs. 


Eegime 

No. dogs 
compared 

Means of changes 
from fecal 
fat output 
of 27.4 g/day ou 
no-bile regime, 
g fat/day 

Each regime 
compared 
nith no-bile, 
t-ratio 

3 g deliyclrocliolio ac'd 

8 

-1- 1.61 

0.71 

3 ” iron ppt’d o-x bile* 

■■ 7 

— 3.20 

l.Gl 

3 ’ ’ desoxyeholic acid 

5 

-t- 0.14 

0.00 

3 " desiccated ox bilet 

7 

— 1.47 

0.72 


6 

— 7.50 

S.oSt 

90 ce ” ” ” 

7 

—14.90 

7.G0^ 


■tes 
’e I 
i'jtii 
tes 

H»’ 

11 


* Contains 47% eliolie and 48% desoxycliolie ae-ds. 
t Contains about 50% cholic acid and undetermined desoxyeholic acid. 
$ Significant at 5% level. 

5 Significant at 1% level. 


deso.xycholic acid is particularly active. In 
view of the inadequacy of the indirect, and 
the lack of direct evidence, studies were 
undertaken to evaluate the relative effective- 
ness of various bile acids in restoring normal 
fat absorption in bile fistula dogs. 

Methods. Fecal fat excretion was deter- 
mined in 9 dogs before and after cholecysto- 
nephrostomy, in the latter with and without 
administration of various bile preparations. 
The daily diet consisted of 335 g “Pard” 
with 25 g added lard (36 g total fat). Food 
was given once daily, and was completely 
eaten. Each regime consisted of a 7-day 
period; during the last 5 days feces were 
pooled and analyzed for total fat.® When 
given, bile preparations were mixed with the 
meal (pills, capsules, or fresh bile). Follow- 
ing operation the feces were free of urobilino- 
gen. Neither jaundice nor diarrhea devel- 
oped, although stools were bulky. 

The plan to subject each dog to each 
regime was not completed because 3 dogs 
developed duodenal ulcers and 2 dogs did not 
tolerate 3 g doses of desoxyeholic acid. Sta- 
tistical analyses were made by comparing 2 
regimes in the same animal. 

RestiUs. The mean fecal fat e.xcretion of 
the 9 do<'S was increased from 3.0 g/day 
before operation to 27.4 g/day after diversion 
of bile from the intestine. Three-gram da, y 
doses of bile acids were given in an effort to 
correct this steatorrhea. This dose is the 


maximum that is tolerated for some of the 
preparations, and is also the 8-hr output oi 
cholic acid by healthy bile fistula dogs when 
their bile is returned every 8 hours.'® The 
failure of iron-precipitated ox-bile (Biiron, 
LilljO and deso.xycholic acid (Degalol, Ames) 
to reduce fat e.xcretion was wholly une.xpected. 
Dehydrocholic acid (Ketochol, Searle) '"■as 
expected to have less effect than the other 
products tested (Table I). On the basis that 
the above bile adds may have been a\teia<i 
in their purification, desiccated ox bile and 
fresh ox bile (kept frozen until use) were 
administered. Three-gram doses of desic- 
cated ox bile were ineffective; 6-g doses pro- 
duced a slight but significant reduction m 
fecal fat. Ninety-cc doses of fresh ox bile, 
equivalent to 6 g desiccated material, pro- 
duced a significantly greater, but still incom- ’ 
plete improvement in fat absorption. 

Discussion. These results indicate that 3-g 
doses of certain bile preparations are com- 
pletely ineffective in replacing the fat- 
absorptive function of normal whole bile in 
the dog. It appears that desiccation reduces 
the ability of fresh ox-bile to promote fat 
absorption. These results agree with an 
earlier report® that fresh bile, but not sodium 
Elvcocholate or taurocholate, can facilitate the 
disappearance of sodium oleate from isolated 

intestinal loops. a 

No convincing e.xplanation can be offered 
for these results at present. They are con- 
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y to general beliefs concerning tbe role 
bile adds in fat afasoiption, but many 
speculative possibOities await study. Further 
direct e-Tperimentation is required to deter- 
nine (a) whether the absorpthre defect con- 
sequent to bile exclusion can be completely 
corrected, (b) the identity of the active con- 
stituent (s) in bile tc) the eSect. if any. of 
the manner of entry of active material into 
the intestine, (d) the role,, if am*, of species 


differences, and (e) the mechanism by -which 
fat absorption is facilitated. 

Summary. 1. Tcree-gram doses of certain 
bile preparations (including desoxj’cholic 
acid) proved completeb* ineffective in reduc- 
ina the steatorrhea of bile fistula dogs. 

2. Xinetj'-cc doss of fren ox bile reduced 
the steatorrhea by 50^, but equivalent doses 
(6 g) of desiccated ox bile were only half as 
effective. 
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Increased Hemolytic Potency of NIouse \Iammary Carcinoma Extracts 
Following Incubation with Tumor Cells.* 

LtmwiK Gp-oss. 

Fruri t7« HtftcTrU DsnViV/n, Vetf.rcr-.* J'lnir.i-tlrafion y>>r Yofl\ 


It was recently observed in this laboratoy 
thi 2 i filtered or centrifugated extracts prepared 
from spontaneous mouse mammarv' carcinomas 
possess the ability to hemolyze mouse ervihro- 
cjtes in vilro.^ 

In course of subsequent e.-qjeriments it was 
fo-jr.d that tumor extracts that had been 
separated from the tumor cells by centrifuga- 
tion. and have been leu. in absence of cells. 
U! test tubes, at room temperature, lost prac- 
tically all hemoUuic {ootency after 5 hours; 
the decrease in the hemolytic poiencx- of the 
tumor extracts was even more rapid at 37 'C." 
This rather striking lack of resistance of the 
hemolytic factor contained in the tumor ex- 
tracts. but separated from the tumor celb. to 
exposure for a tew hours to either roo.m. or 
incubator temperature, was further investt- 
.gated. One of the first questions requiring 
clarification was whether the tumor extracts 
would also lose their hcmol\-lic potencj- if 
inculxited. at 37 C. in presence of tumor cells. 

♦ -Titn tie 5-T7.Vi«C:on of tte Cliu-f 

M-.n'.-.i r<ir>--.or. il of .or.-! 

SnrK- rr. V- ;< rt.r:= .'.'iminU-ratior.. ttI.o 
r.o for tl;'- o-.-nto-t tij'r'.fv-'J or 

<-r 'Iro-vm I,T t!.- :iu;’.or. 

1 GrrrkT. L., I’.iO'-. So-. Kxp. B:o:. <•.-:> Mrc.. 
i£M 7. Cf-a. 

: Gr'-r*. I—, -t. /.-.rti/ro?., latr, jj. j.-ois 


Accordingly, a series of e.xperiments was 
performed in which tumor cell suspensions 
of 20yc concentration were freshly prepared 
from spontaneous mouse (C3H) mammary 
carcinomas.- Fresh samples of such suspen- 
sions xvere tested for their hemolrtic actixity.^ 
The suspensions were immediately dixdded 
into 2 groups of tubes; one was left unchanged 
as a control, and the other xras centrifugated 
t'.rice at 3.GOD t.p.m. for 10 minutes each, to 
separate the extracts from the tumor cells; 
following centrifugation, the final supernatant 
fluid was used. Both, the tumor cell suspen- 
sions. and the cell-free extracts, xvere then 
placed in an incubator, at 57 'C. for 3. and 
24 hours. -After incubation, samples remox-ed 
from both groups oi tubes were tested for their 
hemolx-tic actirity by serial titration. Eiuhl 
different mouse mammaiy carcinomas xvere 
used for the preparation of extracts, and S 
successix-e series of e.xperiments were per- 
formed under apparently identical conditions. 
The results v.-ere as follows: 

.All S fresh tumor extracts were found to 
possess the usual hemolytic potencx-^ when 
tested before e.xposure to the incubator tem- 
perature. After exposure for 5. or 24 hours, 
to 57 the centrifugated tumor extracts' 
incubated without celb, were found to have 
lost their hemolxtic potency, when tested in 
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the usuaP manner (0.5 cc of an extract of 
20% concentration). On the other hand, the 
same tumor extracts incubated in presence 
of tumor cells, at 37 °C, for either S or 24. 
hours, had not only their hemolytic potency 
preserved, but either moderately or substan- 
tially increased, as compared with tlie initial 
titration of fresh extracts. Thus, one of the 
fresh extracts was found to hemolyze mouse 
erythrocytes only when tested (0.5 cc) in 
20% concentration, i.e., at 1:5. Following 
incubation in. presence of tumor cells at 37“C 
for 5 hours, the same extract (0.5 cc) hemo- 
lyzed readily mouse erythrocytes in dilutions 
up to 1:40. After an additional incubation 
with tumor cells at 37°C to a total of 24 
hours, this extract hemolyzed mouse erythro- 
cytes in dilutions up to 1:160. 

In some instances the increase in hemolytic 
potency appeared to be slightly more pro- 
nounced after 5 than after 24 hours of incu- 
bation with tumor cells. In one experiment 
an extract which had been found to hemolyze 
mouse erythrocytes, when tested prior to incu- 
bation, only at either 1:5, or 1:10, had after 
5 hours of incubation at 37 °C with tumor 
cells its hemolytic potency increased to such 
an extent that serial dilutions up to 1:160 
gave positive readings. After an additional 
incubation with tumor cells to a total of 24 
hours, however, the hemolytic potency of the 
same tumor extract was slightly decreased, 
giving positive readings in dilutions not ex- 
ceeding 1:40; thus, it. was still higher than 
that of the initial titration of the fresh tumor 
extract, but less pronounced than that tested 
after 5 hours of incubation. 

Control Experiments with Normal Cells. 

It was previously observed^’* that fresh ex- 
tracts prepared from normal mouse organs, 
such as liver, spleen, kidneys, muscle, or 
lungs, had no hemolytic potency on mouse 
erythrocytes in vitro in practicall 3 '^ all 
instances tested, ^ except for extracts made 
from active mammary glands removed from 
nursing or pregnant female mice of either a 
high-tumor, or a low-tumor Iine.= 

In the present study additional experiments 
were performed in which normal mouse cell 
suspensions were incubated at 37 °C for either 
5 or 24 hours, and then tested for hemolj'tic 


potency. According!}^, normal organs, such 
as liver, spleen, kidneys, muscle, and lungs, 
rvere removed from a total of 12 healthy, 
adult, virgin female mice of the An (C3H)® 
subline, and either individual or pooled cell 
suspensions of 20% concentration were pre- 
pared from each mouse. Fresh samples of 
the extracts were tested for hemolytic activ- 
ity.^ The cell suspensions were incubated at 
■ 37“C for either 5 or 24 hours; after this lapse 
of time, the suspensions were centrifugated, 
and the supernatant extracts were tested for 
hemolytic potency in the usual manner.^ The 
results were as follows: 

Fresh samples of the normal cell extracts 
had no hemolytic potency.! This result was 
essentially consistent with previous observa- 
tions.^*- 

With the extracts obtained from normal 
cell suspensions that had been incubated for 
5 hours, the following readings were obtained: 
Of 8 individual liver extracts tested (O.S cc), 

1 was positive in 1:10 dilution. Of 8 pooled 
(kidnej', spleen, muscle, lungs) extracts 
tested (0.5 cc), 3 were positive in 1:10 dilu- 
tion. All other extracts, including 4 groups 
of cell suspensions made from individual 
organs (lungs, spleen, kidneys, muscle) of 4 
females, were negative. 

A few' tests were made with extracts ob- 
tained from cell suspensions that had been 
incubated for 24 hours. Two of 4 liver 
extracts, and 2 of 4 pooled extracts were 
positive (O.S cc) at 1:10. One of 3 lung 
extracts tested was positive at 1:5, and 1 of 3 
muscle extracts at 1:5, and 1:10. All other 
extracts, including 3 spleen, and 3 kidney 
extracts, were negative. 

Summary. If separated from the tumor 
cells b 3 '' centrifugation, the mouse mammary 

f This was true under routine conditions of the 
test, i.e., incubation of tlie c.xtraets witli mouse 
erj-throcTtes at 37»C for SM: to 3 hours.i It wras 
found, however, that normal mouse organs m.ny 
occasionally show a ‘'delayed” homol.vtic potency; 
thus, when extracts prepared from nonn.al mouse 
cells were mixed with mouse erythroc 3 'tcs, .and 
incubated first at 37»C for 5 hours and then at 
7°C (refrigerator) for additional 15 hours, a 
slight hemolysis resulted in some instances. 

3 Gross, I/., -I. Immunol., I0i7, 55, 23 «. 
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carcinoma extracts lose their hemolytic po- 
tency, when incubated at 37°C, after 5 hours. 
On the other hand, the hemolytic potency of 
the tumor e.xtracts is either moderately, or 
substantially increased following incubation 
in presence of tumor cells, at 37 °C, for either 
5 or 24 hours. 

Fresh extracts prepared from normal mouse 
cells have in most instances no hemolytic 


potency, except for those made from active 
mouse mammary' gland.- If the normal mouse 
cell suspensions (liver, lungs, muscle,-or pooled 
organs), however, are incubated at 37°C for 
5, or better for 24; hours, some of them may' 
show a slight hemolytic potency, though to a 
lesser degree than that obsen’ed in the 
case of pre-incubated tumor cell suspensions. 
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Reconstitution of the Dermal Barrier to Fluid Diffusion Folloiving 
Administration of Hyaluronidase.* 

Oscar Hechter. (Introduced by David Rapport.) 

From Vie Worcester Foundation of Experimental BioloOilt Shrewshurp, Mass., and the Depart- 
ment of Pliysioloffp, Tufts Medical School, Dosion. 


It is now generally accepted that hyaluroni- 
dase owes its spreading activity to the action 
of the enzyme upon a viscous hyaluronic acid 
gel in connective tissues'-- which is one of 
the components of the tissue barrier to inter- 
stitial fluid diffusion.® The effect of hyal- 
uronidase in facilitating the spreading in skin 
remains evident in the locally treated area 
for as long as 24 hours after administration 
of the enzyme, and thereafter is absent.' This 
demonstrates that after a certain latent period, 
the organism replaces the component of the 
skin barrier removed by the hy-aluronidase. 

It appeared likely that a quantitative study 
of the rate at which the dermal barrier to 
spreading of fluids was restored, after admin- 
istration of hyaluronidase, might provide 
information concerning the formation of new 
dermal hyaluronic acid m I'ivo. Accordingly, 
such a study was undertaken in adult humans. 

The hyaluronidase used was a purified 
bovine testis preparation (Schering) which 
assayed 20 turbidity-reducing units (TRU) 
per mg as evaluated by- the method of Kass 
and Scastone.’’ The enzyme was used directly 

• -VideJ by a grant from tbo G. D. Scarle i Co. 

I Duran-Rcynals, F., Dnct. I.'cr.. 1P42, 0, 197. 

- Meyer, K., Physiol. Per., 1947, 27, 3.13. 

“ Hechter, O., Fed. Proc., 1947. O, 12G. 

< McClean, Ih. .T. Path, and Pact., 1930, JW, 1043. 


after dissolution in 0.85% sodium chloride. 
Three men and 3 women received intradermal 
injections of 0.20 cc of enzyme solution con- 
taining 20, 2, 0.2, 0.02, 0.002, and 0.0 TRU 
per cc into separate areas of the 2 arms. 
After the injection of the enzyme solutions, 
the local areas were marked with tincture 
of merlhiolate. The time of wheal disap- 
pearance following intradermal injection 
sensed as a measure of hyaluronidase spread- 
ing activity. The local area was e.xamined 
continuously' for 10 minutes after the injec- 
tions, then at 5-minute inteivals until the 
wheal has disappeared, f.c., until the injected 
local area appeared completely' flat as viewed 
from a 90° angle. At 24, and then again at 
48, hours after the initial injections of enzyme 
0.20 cc of an 0.85% solution of NaCl was 
injected into each previously' treated area, 
and the time of wheat disappearance deter- 
mined. 

Table I illustrates the interrelationships 
between the time required for wheal disap- 
pearance and the concentration of enzyme 
injected. On the assumption that the time 
of wheal disappearance is a measure of the 
barrier efficiency of the dermal hyaluronic 
acid gel associated with the tissue barrier to 

•'* Knss. E. H., nnd Sp.-isione, C. V., J. Exp. Med., 
1941, Tn, 319. 
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TABLE I. 

TilO AVheal Disappearance Time of Infradermally Administered Saline, Injeoied into Areas 
Treated with Hyaluroiiidase. 


No. of 
subjects 

(Amt of 
hyaluronidase,* 
T.B.U. 

Time of saline injection after hyaluroiiida.se 


Ohr 

24 hr 


48 hr 

— 

min. 

W.D. 

min. 

■b\ 

% 

mill. 

% 

6 

4 

0.20 -1- 0.06} 

6.50 ± 1.8 

11 

62.5 -<- 6.6 

100 

6 

4 X 10-1 

0.78 -t- 0.17 

13.7 ±2.8 

23 

61.7 -<- 7.2 

100 

6 

4 X 10-3 

3.0 -<-0.70 

24.7 ±4.3 

41 

61.7 8.5 

100 

G 

4 X 10-3 

6.1 -<-1.2 

36.7 dr 4.7 

61 

67.5 -<- 5.9 

100 

6 

4 X 10-4 

15.0 -<-5.6 

46.7 ±6.2 

78 

63.3 -<- 6.0 

100 

6 

0 

65.0 -<-8.4 

58.0 ±9.0 

— 

01.1 ± 7.8 

— 


* Intradermal administration in a constant volume of 0.20 cc. 
f W.D. is the mean time of rvlical disappearance, 
t Is the standard error of the mean. 

$ B is tlie percentage of the normal effective barrier present after enzyme administration 
assuming (a) a linear relationship between effective barrier and spreading and (b) that a 
normal barrier has a wheal disappearance time of 60 minutes. 


diffusion, the percentage restoration of 
dermal hyaluronic acid 24 and 48 hours after 
the administration of enzyme has been calcu- 
lated and these values recorded in Table I. 

Twenty-four hours after the administration 
of hyaluronidase in amounts ranging from 
4 X 4 X 10~* TRU (in a volume of 0.2 cc), 
the dermal barrier of the local area of injec- 
tion exhibited a permeability which was 
directly relateed to the dose of the enzyme; 
after 48 hours, the permeability of the barrier 
in all treated areas was decreased to normal. 

In skin, purified testis hyaluronidase ap- 
pears to act specifically upon hyaluronic acid- 
and does not affect other mucopol}'saccharides, 
such as chondroitin sulfate, which is present 
in a concentration equivalent to that of hyalu- 
ronate.- This does not hold for other tissues, 
purified testis hyaluronidase having been re- 
ported to hydrolyze the monosulfuric acid ester 
of hyaluronic acid obtained from cornea® and 
the chondroitin sulfate of hyaline cartilage.'-® 
We have found that injection of hyaluronidase 


into areas which have “recovered” from a pre- 
vious dose of enzyme produces its usual 
spreading reaction, thus strongly suggesting 
that new dermal hyaluronate, and not another 
mucopolysaccharide, insensitive to hyaluroni- 
dase, is involved in the reconstitution of the 
barrier. 

Summary. The reconstitution of the 
dermal barrier removed by intradermal injec- 
tion of various doses of hyaluronidase has 
been studied 24 and 48 hours after enzimie 
injection in adult humans. At 24 hours the 
restoration of the barrier is incomplete and 
inversely related to the dosage of enzjTne; 
at 48 hours the barrier is completely restored 
in all enzyme-treated areas. 


0 Meyer, Iv., and Cliaffec, E., Am. J. Ophth., 

1940, S3, 1320. 

T Meyer, K., Omffee, E., Hobby, G. L., and 
Dawson, U. H., J. Exp. Ifcd., 1941, 73, 309. 
s Madinaveitia, J., and Stacey, M., Bior/iem. .1., 

1941, 38. 413. 
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-Hepatic Fibrosis in the Persistently Non-Fatty Liver o£ the Hypophy- 

sectomized Dog. 

I. L. Chaikoff, C. Entenmah, T. akd F. L. Reichert. 

From the Dioieion of Physiology, University of California Medical School, Berkeley, and the 
Laboratory of Experimental Surgery, Stanford University Medical School, San Francisco. 


The frequent association of hepatic lipoido- 
sis and necrosis with cirrhosis in man and 
experimental animals has led to the view that 
fatty and other forms of liver-cell degenera- 
tion induce cirrhosis. Where fatty changes 
did not precede hepatic fibrosis, hemorrhagic 
or some other form of hepatocellular necrosis 
has usually been considered to be the precipi- 
tating lesion. 

That some factor or factors other than 
liver-cell damage may possibly be responsible 
for the initiation and progress of hepatic 
fibrosis is brought out in the present investi- 
gation. Fibrosis was found in livers of hypo- 
physectomized dogs in which the fatty-acid 
content never exceeded 4%, i.c., normal con- 
centrations, and in which evidence of extensive 
liver-cell destruction was not detected histo- 
logically. 

Experimental Procedures. For the first 3-4 
weeks after their arrival at the laboratory the 
dogs were fed a diet high in protein and ade- 
quate in all respects. Each dog received twice 
daily, at 8:00 a.m. and at 4:00 p.m., 15 g of 
lean meat per kilo, 10 g of sucrose, 4 g of 
bone ash, and 1 g of Cowgill’s salt mixture.^ 
Vitamin supplements were provided by the 
addition of 3 cc Sardilenet and 5 cc of Galen 
B.t .^fter the dogs had received this diet for 
2-3 weeks, they were hN-pophyseclomized by 
a method prernously described.® In the pro- 

* Ail.iins Memorial Founilation Follow of tltc 
Fniversity of Vi’itwatersrand, .loliaiincs'burp, Sontli 
Africa, and Follow of the Conner Foundation. 

t CowRill, G. K., J. Biol. Chem., 192.1, 50, 72.1. 

1 Each cubic centimeter of Sardilenc contained 
not less tlian 100 A.O.A.C. cliick nnit.s of vitamin 
I) and (iOO U.S.F. units of vitamin A. The vitaniin 
content of Galen R lia« been recorderl elsewhere.^ 

e MontRomery, M. L., Entonman. C., CliaikotT, 
I. E., and Nelson, C.. J. BinJ. Chem., 1941. 13T, 
09 . 1 . 


cedure used in this study no cautery was ap- 
plied to the base of the brain. In most cases 
the appetites of the dogs were excellent after 
hypophysectomy. 

.Vt the end of the periods of observation 
recorded in Table I, the whole livers of the 
dogs were excised while they were under nem- 
butal anesthesia. Several sections of each 
liver were removed for histological study, and 
the rest was ground and sampled for lipid 
analysis as described in a previous paper.’* 

Serial sections were made of the base of the 
brain of each dog and every fifth section care- 
fully examined. No cells of the anterior, pos- 
terior, or intermediate lobes of the pituitary 
gland were found in the dogs recorded in this 
study; nor was there any evidence of damage 
to the hypothalamic region. 

Results. The chemical and histological 
findings in the livers of these animals have 
been summarized in Table I. In an earlier 
study the fatty-acid contents of dogs’ livers 
were examined at intervals of 2-4 months 
after hypophysectomy;'’ no deviation from the 
normal was found at these time-intervals. 
The results recorded in Table I leave no 
doubt that hypophysectomy per sc does not 
influence the fat content of the liver, even 32 
months after it has been performed. 

Histologically, the liver cells did not show 
any evidence of fatty change or necrosis. The 
only abnormal findings in the liver cells were 
firstly an unusual distinctness of the cell 
walls with clumping of the chondriosomes 
(plant-like cells), and secondly an eosino- 

sRarnty. W. E.. .md Reichert, F. E., Bull. .Tohns 
Uoplimo IIo.rp., 1923, S7, 1. 

* ChaikofT, I. L., .and Kai)Ian, A., J. Biot. Chem., 
19.14, 100, 2r,r. 

CiiaikofT, I. L,. Gibbs G. E., iroUom, G. F., 
.and Rcicbcrt, F. L., ,Im. .7. Phnsiol., 19,10 110 
343. ■ ’ ’ 
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philic hyalinization of the liver cells. Both 
these changes were widespread in the livers 
of n/f the dogs and apparently occurred inde- 
pendently of the incidence of fibrosis. ' IVhile 
.. thf .eosinophilic hyalinization occurred in all 
the livers, this reaction was most prominent 
around the non-fibrosed portal tracts (Fig. 1). 
Apart from these .changes in the liver cells, 
the majority of livers appeared relatively 
avascular by virtue of the fact that most of 
sinusoids were closed and did not contain 
blood. This occlusion of the sinusoids and 
the close apposition of the individual liver 
cells to one another gave the liver a highly 
cc;llular appearance (Fig. 1). 

The fibrotic reaction to be described below 
was detected, in varying severity, in 4 of the 
7 hypopb 3 'sectomized dogs. This connective- ‘ 
tissue reaction was most unusual in its form, 
location, and distribution in the affected 
livers. In the first place not all the lobes 
of the same liver were affected by this reaction 
and, had we not had sections from several 
parts of each liver, we would clearly have 
missed the change in at least 2 of the dogs 
w'hich manifested this lesion. It is possible 
that the patchy distribution of this lesion was 
due, in several of our dogs, to the fact that it 
had begun only a short time before death. 
It is probable that, had the dogs been main- 
tained for longer periods of time, the fibrosis 
would have become both more extensive and 
more severe. 

When present, the fibrosis which we de- 
tected was most frequent and most severe in 
and around the portal tracts, although by no 
means confined to these regions (Fig. 2). The 
fibrosis took two forms, which possibly rep- 
resented different stages in the evolution of 
the lesion. In its most striking form it ap- 
peared as a highly cellular connective-tissue 
proliferation (Fig. 2, 3, and 4). This cellu- 
larity was due primarily to the large numbers 
of fibroblast and fibrocyte nuclei. The portal 
tracts, both large and small, were made very 
prominent b.v the accumulation around them 
of round cells and numerous closely packed, 
spindle-shaped, young-fibrous-tissue nuclei 
(Fig- 2 and 3). Often, when sections were 
cut ° obliquely through what, by location, 
seemed to be portal tracts, sheets of this highly 
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Fig. 1. 

(1132) The reriport.il loealization of the eositiophUic hyalimz.ation Tvitl. unclear hmer 
chromasia of the liver cells is clearly shown. Note also •‘nlant.liV-o’J ..„ii„ - I, "TPer- 
the lobule an.1 the avascularity of' the liver. Note also tlifaWnce of fa, ^ 
Ilcmatovylin and Fosin X 45. •nifence of fatty change. 

Fig. 2. 

(112S) The cellular periportal fibro.sis and the less hiohlv 

ehanges seen in these 
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Fio. 3. . , 

(H29) The portal tract towards tlie top left corner of the picture is made proinineiit 
by t!ie marked aeeuiiiuJation of cells. Scattered hands of nlirous tissue can also he 
detected in this picture. Hematoxvliii and Eosin X Cl. 

Pia. 4. 

(H29) Details of the nature of the cells infiltrating the portal tract depicted at the 
top left corner of Pig. 3. In addition to round cells there are large numhers of spindle- 
shaped fibrocytie nuclei. Hcmato.v.vlin and Eosin X lo— 
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cellular connective tissue seemed to be 
str idled across the liver lobules. However, 
in other areas these sheets of young connective 
tissue seemed to be related to radicles of the 
hepatic veins or occurred in the middle of 
apparently intact liver-cell lobules (Fig. 2). 
Such masses of young connective tissue occa- 
sionally Joined together, thus outlining 2 sides 
of a lobule, or, when more extensive, it oblit- 
erated a liver lobule. This latter reaction 
when present w’as most common in the sub- 
capsular regions, although in the more- 
severeh' affected livers such obliteration of 
liver tissue was more widespread. 

The great cellularity of this connective 
tissue was very similar to that detected by 
Graef ct alP in the fatty livers of their hypo- 
physectomized dogs (c/. their Fig. 5 and 6 
with our Fig. 2 and 3). However, in many 
of the fibrosing areas the cellularity was made 
less prominent by the fact that masses of 
dense, highly eosinophilic collagen fibers had 
been deposited among the still numerous 
fibroblast and fibrocyte nuclei (Fig. 2 and 3). 

-Associated with this fibrous tissue were 
numerous histiocytic cells containing very 
dark-brown coarse pigment granules. Similar 
pigmented histiocytes have been encountered 
in smaller numbers in the livers of normal 
dogs, but such pigmented cells were not de- 
tected in the non-fibrotic livers of hipophy- 
sectomized dogs. 

Discussion. The relation of liver-cell dam- 
age to the onset of cirrhosis has been much 
discussed in recent years. -Although the con- 
nective-tissue changes in response to hypo- 
physectomy are not so pronounced as those 
encountered in livers in which extensive fatty 
infiltration or necrosis has been induced, the 
present findings leave no doubt that the 
stimulus to connective-tissue proliferation in 
the liver need not be hepatocellular degenera- 
tion, either fatty or necrotic. The greatest 
amount of fibrous-tissue proliferation occurred 
in the livers of dogs H25, H28, and H29: in 
these, fatty change or degeneration of the 
liver cells was not detected. 

The mechanism by which hypophysectomy 
brings about fibrous-tissue proliferation in the 

1 Graef. I.. Negrin. .1.. aiKl P.-tp', I. U., -tm. J. 
I'ttll,.. IPtl. :N>. S2.t 


liver is not clear at present. Graef ct at. 
stated that “it appears reasonable to conclude 
that hypophysectomy itself .... had little 
if anything to do with the hepatic lesions en- 
countered in these dogs. The hj'pothalamic 
lesions disclosed by histological e.xamination 
seemed to have a pivotal role in the hepatic 
changes.” Careful histological studies of the 
hypothalamic regions in our animals, using 
the serial-section technic mentioned above, 
failed to reveal any evidence of damage to 
this important center. This fact, together 
•with the absence of fat from the livers of our 
hypophysectomized dogs, indicates that the 
pathogenesis and possibly the etiology of the 
hepatic fibrosis in our animals differed some- 
what from those described by Graef ct at. 

The protein content of the diets of our 
animals w’as high, and consequently low- 
protein intake could not be blamed as a factor 
in the etiology of the hepatic fibrosis in them. 
However, some interference in the absorption 
process has been shown to follow excision of 
the pituitary gland."'® Hence despite the 
ingestion of a high-protein diet by our dogs, 
it is conceivable that hypophysectomy induced 
some disturbance in the digestion or absorp- 
tion of certain dietary substances which play 
a critical role in maintaining a normal liver. 
The possibility that hypophysectomy pro- 
motes an increased need for such substances 
is, of course, not ruled out. 

Summary. 1. Fibrous-tissue proliferation 
is shown to occur in the livers of hypophysec- 
tomized dogs. Its development was not pre- 
ceded by an increase in the fat content of 
the liver. 

2. Hypothalamic damage as a cause of the 
fibrous-tissue proliferation was ruled out. 

3. The development of hepatic fibrosis in 
these dogs fed a diet adequate in all respects 
and rich in proteins suggests that hypophy- 
seclomy induces either (a) a derangement in 
digestion and/or absorption, or (b) an 
increased need for certain dietary substances 
essential for the maintenance of a normal 
liver. 

r Russell, J. III. .7. P/i i/.ffot., Ipas 121 755 

S Altli.niisoii, T. I-.. ii;.? i,, r,intnp;i in Ilonor 

of n. -If. rri7ii.s, Vnivorsitv of C.nlifornia Press 
Berkeley, 1013. p. 13. 
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A Quantitative Study of the Effect of Vagotomy on Gastric Secretion 

in the Dog.^ 

E. R. Woodward, L. R. Dragstedt, E. B. Totoe, H. A. Oberheuiax,' Jk., and 

W. B. Nead, Jr. 

From the Department of Surgery, University of Chicago. ' 


Lim, Ivy, and McCarthy^ described the 
use of a pouch of the entire stomach in stud 3 '- 
ing the physiology of gastric secretion in the 
dog. This preparation is sometimes called a 
Fremont pouch, since Fremont- described this 
procedure in 1895. 

In the total gastric pouch used by Lira, I\% 
and hlcCarthy, the vagus nerves to the stom- 
ach were divided when the cardia was tran- 
sected. These dogs secreted 200 to 300 cc of 
gastric juice witli a relatively low free aciditj'. 
Dragstedt and Ellis®-* described the total 
gastric pouch prepared with the vagus nerves 
intact. Unlike the preparation used by Lim, 
I\T, and McCarthy, such an animal secretes 
600 to 2,000 cc of highly acid gastric juice 
daily, and will succumb to hj'pochloremia and 
alkalosis in 3 to 10 days unless given daily 
intravenous infusions of Ringer’s solution. 
These animals develop large penetrating 
peptic ulcers in the gastric pouch,® and fre- 
quently die of perforation or hemorrhage. 

The present study was undertaken to deter- 
mine quantitativeljf the effect of vagotomy 
on hjfdrochloric acid and pepsin secretion in 
the total pouch dog, and to determine the 
effect of vagotomy on secretion in response to 
food and other stimuli. A total of 12 dogs 
survived surgery. Vagotomy was performed 
in 9 animals b}" the transthoracic approach. 

* This work was .aided by grants from the Ken- 
netli Smith Fund for Medical Besearch and the 
Douglas Smith Foundation for Medical Bescarch. 

1 Dim, F. E. S,, Ivy, A. C., and McCarthy, J. E., 
Quart. J. Ex:p. Fht/siol, 1925, 13, 13. 

2 Fremont, Dull, (ie I’Acaci. tie Meet, 1895, S4, 
509. 

3 Dragstedt, L. B., and Ellis, J. C., Pnoc. Soc. 
Exp. Bion. and Med., 1929, 26, 305. 

A Dragstedt, D. B., and Ellis, J . C., Am. 
Physiol., 1930, 93, 407. 

5 Matthews, W. B., .and Dragstedt, D. B., Surg., 
Cynec., and Ohst., 1932, S5, 265. 


V*ith the animals on a standard diet, the 
24-hour gastric secretion was collected, 
titrated for free acidity, and the peptic power 
* determined by a method described by 
LeVeen.® 

In each animal, the integrity of the vagus 
nerves to the gastric pouch was established fay 
the use of the intrav'enous insulin test, as de- 
scribed by Ihre’ and Jemerin, Hollander, and 
Weinstein,® In one dog, the test was negative, 
and secretion remained low'in volume and acid- 
it\^ The response to histamine was determined 
by injecting one milligram subcutaneously and 
collecting the gastric juice over a 75-nn'nute 
period. The response to food-taking was 
measured bj' feeding the fasting animal a 
standard meal of meat over a 15- to 30-minute 
period, and by collecting fractional samples 
of gastric juice for 12 to 16 hours. The same 
testing procedures w-ere carried out following 
vagotomy. 

Vagotomy produced a decrease in the 
volume and free acidity of the 24-hour gastric 
secretion in all of the 9 animals which were 
vagotomized. The decrease in volume varied 
from 37 to 79%, averaging 56%. The 
decrease in free acidity varied from 14 to 
82%, averaging 54%. The decrease in niilli- 
equivalents of free hydrochloric acid secreted 
varied from 47 to 92%, the average reduction 
in hj'drochloric acid output being 77%. 

In 7 of 8 animals, vagotomy produced a 
reduction in the peptic power of the 24-hour 
secretion. This reduction varied from 11 to 
72%, averaging 34%. In one animal, the 
peptic power increased bj' 47%. 

CLoVeen, H. H., Pnoc. Soc. Exp. Biol, and 
Med., 19i6, 63, 254. 

vEire, B. J. E., Acta Med. Scandinar., Snppi., 
1938, 03, 

s Jemerin, E. E., Hollander, F,, .and Weinstein, 

A*. A., Gastroenterology, 1943, 1, 500. 
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Yagotonr; produced a marked decrease in 
secretion to histamine stimulationi 

In 3 of i animals tested, secretion was high 
in \olume. and acidity in the fasting state. 
Within 15 minutes after feeding, there was a 
pronounced augmentation in secretion, fol- 
lowed in 15 to 30 minutes by a profound 
inhibition in volume, free acidity, and peptic 
power. After 3 to 7 hours, secretion returned 
to the fasting level. Following vagotomj% 
there was no augmentation with feeding, and 
the period of inhibition appeared as before. 

The ineffectiveness of partial vagotomj' 
was well demonstrated in 2 animals. In one 
the left, in the other the right vagus nerve 
was crushed in the cervical region. The 
secretory response to insulin hypoglycemia 
was unaffected, and there was no diminution 
in the 24-hour secretion either in volume or 
acidity. 

Three dogs died of peptic ulcer. Two died 
of perforation 4 and 7 days after operation; 
the third died of hemorrhage 5 days after 
vagotomy. 

Conclmions. 1. The totally isolated stom- 


ach with intact blood and nerve supply 
secretes large amounts of gastric juice even 
in the absence of food-taking. 

2. On the ingestion of food there occurs an 
immediate augmentation of secretion followed 
by a period of inhibition lasting 3 to 7 hours 
and then a period of profuse secretion. 

3. Section of the vagus nerves above the 
diaphragm reduces the secretion of gastric 
juice in the isolated stomach by an average 
of 56% and the output of hydrochloric acid 
by 77%. Nervous factors are thus more 
important than other mechanisms in deter- 
mining gastric secretion in these animals. 

4. Chronic progressive peptic ulcers occur 
frequently in these isolated stomachs and 
cause death by hemorrhage or perforation. 
They rarely develop in such preparations 
that have been denervated, and folloiving 
vagotomy, they tend to heal. 

5. Partial vagotomy has little or no effect 
on gastric secretion, 

6. After complete vagotomy, the secretory 
response to a standard dose of histamine is 
markedly reduced. 
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Scarring and Precirrhosis of the Liver in Chronic Phosphorus Poisoning 

of Guinea Pigs. 


L. L. .-Vshburn, a. J. 3*IcQueeney, and R. R, Faulkner. (Introduced by K. M. 

Endicott.) 

From the Faiholopy Lahoratory, Experimental ISioloyy anil Jfcdiciiie InetiUilc, National 
Institute of Health, JScihesda, Hil. 


In a previous report,^ we described the 
fibrous tissue in dietary cirrhosis of rats and 
carbon tetrachloride cirrhosis of rats and 
guinea pigs as forming primarily about the 
hepatic veins. It was suggested that at least 
in certain experimental cirrhoses the prolifera- 
tion and condensation of fibrous tissue occur 
in the same part of the liver lobule as the 
parenchymal damage. It seemed desirable 
to test this concept further by repeatedly 
injuring the peripheral (portal) part of the 

I .\?lil)urn. I.. L., Endicott, K. M., D.aft, F. .S., 
and Lillio, E. D., .Im. J. J’alh., 1947, 2,% ISO. 


liver lobules to determine whether or not 
fibrous tissue would form about and connect 
the portal areas. 

White phosphorus was selected for use in 
this study since it has been stated that this 
substance produces periportal fatty degenera- 
tion and necrosis of the liver, and since 
Mallory, = among others, has produced 
cirrhosis in rabbits with phosphorus. 

Wc were not successful in producing frank 
liver cirrhosis in the animal used (guinea 
pig). However, other striking c.xtensive 

2 Mallory, F. B., Jm. J. Path., 1933, J), 057. 
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asymmetrical lesions were observed ; a descrip- 
tion of these changes is the main purpose of 
this paper. 

Experhnental Methods, Fifty-one guinea 
pigs weighing between 300 and 500 g were 
divided into 2 groups and fed a diet of rabbit 
pellets and leafy vegetables. The animals in 
one group received 0.75 mg/kg of phosphorus 
4 days each week, while those in the second 
group were given 1.5 mg/kg twice weekl5^ 
The phosphorus was made up as a 0.1% 
solution in olive oil. This solution was ad- 
ministered orally by the use of a 1 cc tuber- 
culin syringe and a 15-gauge needle one inch 
long; the end was made slightli'- bulbous b)'- 
a small amount of solder. The guinea pigs 
were held in a vertical position and the proper 
dose was e.vpelled slowly into the back of 
the throat. The dose of phosphorus used in 
the study was, for certain periods, above the 
tolerance limit of some animals; so, based 
on the appearance of tlie animal and the 
weight curve, it was sometimes necessary to 
reduce or omit single doses. Occasionally 2 
or more successive doses were reduced or 
omitted to obtain a more satisfactory weight 
curve. The e.’cperiment was continued for a 
period of 35 weeks. In order to stud}'' the 
anticipated changes as they progressed, from 
2 to 4 animals were killed at irregular inter- 
vals beginning in the first week. 

At autopsy most of the livers were injected 
as previously described^ with a charcoal gela- 
tin mass to mark the hepatic or portal veins 
in the microscopic section. Livers were fixed 
either in 10% formalin or Helly’s fluid, par- 
affin sectioned, and stained by the A^an Gieson 
technic and with azure eosinate. Some were 
also stained with hemato.xylin and eosin, and 
by Foot’s modification of Rio Hortega’s silver 
method for demonstrating reticulum. In 
addition frozen sections were stained with 
oil red 0. 

Results. An analysis of the results showed 
no difference in incidence or type of lesions 
found in the livers of the animals given phos- 
phorus four days a week and those given this 
substance twice a week; hence all animals 
will be considered as one group. 

Gross Findings. The first gross lesions 
were seen in an animal killed 9 weeks after 


the beginning of the e.xperiment. This liver i 
showed, on its ventral aspect, dark reddish' 
brown areas at the hilar portion of most lobes ' 
with extension for short distances toward the 
free borders. The lesions were sharply niar- 
ginated, depressed, and suggested a loss of 
parenchj'inal substance. As the time on the 
experimental regimen increased, lesions were 
seen with greater frequency and extensiveness, 
and invoh'ing a greater number of lobes. 
These lesions varied considerably in size and 
shape. They were triangular, oval, stellate, 
or linear, and when isolated they measured 
up to 2 cm in their greatest dimension. 
Although they were commonly seen in the 
hilar region, they were by no means limited 
to this area. Various lobes of the same or 
different livers showed variously deep notches 
along their margins, extreme atrophy of the 
proximal segment, punched-out areas on 
dorsal or ventral surfaces, or were incom- 
pletely traversed by fissures. AVhen these 
changes occurred in a single lobe, there was 
great distortion. Occasionally atrophy and 
shrinkage of one or more lobes were extreme. 
When the accessory lobes were involved in 
this fashion, the gall bladder bed was thus lost 
and this organ was found in abnormal loca- 
tions. In one liver the left main and right 
and left accessory lobes were shrunken to 
the point where their combined mass measured 
only 2 X 1 X 0.2 cm (Fig. IE). The right 
main and caudate lobes of this liver showed 
no focal lesions but were considerably en- 
larged. Hypertrophy was generall}' present 
in uninvolved lobes rvhen others showed 
marked atrophy. The distal third of lobes 
was rarely involved. This portion was some- 
times hypertrophied and connected with the 
remainder of the liver by a shrunken band 
of tissue representing the proximal two-thirds 
of the lobe. Xoduiar hyperplasia was not 
seen. 

Examination of the cut surface occasionally 
showed small lesions which did not reach the 
surface. The externally evident lesions pene- 
trated the liver for varying depths, usually 
less than half of the thickness of the lobe. At 
times the entire thickness of the lobe was 

involved. 

The incidence of involvement of the various 
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Wood in some sinusoids and no appreciable fibrosis. Hepatic veins were injected. Hematoxylin 

and coain stain, X 120- , , . , , „ <• 

B. Similar to A but from a different liver. Area was selected to show a few small groups of 
remaining liver cells and mote blood in tbc non-collapscd sinusoids. Van Gieson stain, X _1G0. 

G. The liver below the hepatic artery is normal. Superficial to it there is subtotal disap- 
pearance of liver eells with collapse of sinusoids. Hematoxylin and cosin stain, X 25. 

D. Late lesion. Liver cells are replaced by dense fibrous tissue. Xote sections of the 
tortuous hepatic arterv. Hep.atic veins were injected. Van Gieson stain, X 100. 

E. Thin partially fibrous trabeculae connect many portal areas. Prominent hepatic veins 
are seen within some of the enclosed lobules. Van Gieson stain, X 30. 

E. Carbon-gelatin mass was injected in the portal vein. Pour portal and three hepatre 
veins' arc shown. There is marhed reduction in size of lobules but no increase in connective 
tissue. Azure eosinate stain, X 90. 


lobes was irregular, with no particular lobe 
showing outstanding susceptibility to injury. 
The right accessorj' lobe was involved in 22 
livers, the left accessory in 19, the right main 
in 19, the left main in IS, and the caudate 
in 10. .Although the caudate showed the 
lowest incidence of gross lesions, it revealed 
the greatest relative incidence of e.vtensive 
damage. Of the 10 instances of caudate 
involvement, the lesions were considered ex- 
tensive in five. This contrasts with the find- 
ings in the left main lobe in which only 3 of 
IS showed extensive lesions. The other lobes 
fell between these extremes. 

Microscopic Findings. The lesions noted 
grossly varied in microscopic appearance. This 
variation was considered as a function of age 
of the lesions and this interpretation is used 
to facilitate the description of microscopic 
appearance. The early lesions were of vari- 
able size and showed from moderate to sub- 
total disappearance of liver cells (Fig. 2, A 
and B). Sinusoids in most lesions were gen- 
erally collapsed. In some they were open 
and blood-fillcd. In areas of collapse, there 
was both an apparent and an actual increase 
in cellularity since large mononuclear cells 
and occasionally lymphocytes were present in 
variable number.s. The liver cells remaining 
in such areas occasionally showed hydropic, 
fatty or other degenerative changes, Hyper- 
pla.^ia of the remaining cells was not seen. In 
thc.^e early lesions connective tissue fibers 
were nm numerous and reticulum fibers pre- 
dominated. 

In most lesions bile ducts appeared to be 
present in greater number than could be 
accounted for by a collapse of lobules. This 
belief was supported by the presence of biliary 
cpilhclium arranged in cords without lumens 
and by the presence of atypical cords. Bile 


duct proliferation was never more than mod- 
erate and often was only of slight degree. 

As the lesions became older they showed 
an increased amount of fibrous tissue, a de- 
crease in cellularitj’, somewhat fewer bile 
ducts and fewer liver cells. What appeared 
to be the end stage of these lesions was seen 
in a few livers after the twenty-third week. 
They showed moderate to marked fibrosis, 
small to moderate numbers of spindle cells, 
scattered normal bile ducts and, in some cases, 
numerous sections of the convoluted or undu- 
lating hepatic arteries (Fig, 2D). Occasion- 
ally a lesion was seen in which only patchy 
areas showed fibrosis. 

Extensive necrosis was seen in only one 
animal. This occurred in a liver in which 
the portal areas were markedly widened due 
to disappearance of adjacent parenchymal 
cells, cellular infiltration and proliferation of 
bile ducts. The majority of the liver cells 
between such areas were in various stages of 
karr-orrhcctic necrosis. Some lobules in this 
area of involvement showed no liver cells; 
only blood-filled sinusoids separated the 
thickened portal areas. 

In the vicinity of a few lesions and occa- 
sionally elsewhere, liver lobules showed con- 
siderable reduction in size without other 
striking alteration (Fig. 2F). Central veins 
were approximately centrally located and 
collagen and reticulum stains showed no ap- 
preciable increase in connective tissue fibrils 
either within the lobules or about central 
veins or portal areas. There was, however, 
some disarrangement of the usual radial dis- 
tribution of cell cords: only rarely was a 
necrotic liver cell seen in such areas. 

In addition to the lesions just described, 
there were changes which were more wide- 
spread. The livers from guinea pigs killed 



356 


Effects of Phosphorus on Liver 


during the early part of the experiment showed 
fine droplet fat deposits in the parenchi^mal 
cells. In most, it was of moderate degree 
and distributed diffuselj’- throughout the 
lobule. In a few, the fat was sharplj'' limited 
to a zone around the portal areas. This w'as 
seen most often when the fat was present in 
only small amounts. Although fatty change 
■was seen throughout the experimental period 
(35 weeks), it was occasionally absent and 
not infrequently was of slight degree, par- 
ticularh^ in the last half of the experimental 
period. 

Incomplete hyalinization of liver cell cyto- 
plasm was often present but frank necrosis 
was limited to a few isolated cells or to very 
small groups of cells. In a few animals the 
small number of necrotic liver cells present 
bordered the portal area but in most livers 
the necrotic cells were irregularly distributed. 
In some livers, necrosis was not seen. 

Portal cellular infiltrate, composed of 
lymphocytes and large mononuclear cells, ivas 
seen in most animals. When present it usu- 
ally was of slight to moderate degree and in 
general was less frequent and less prominent 
in the latter part of the experimental period. 

Proliferation of bile ducts or biliarj^ epi- 
thelium was quite irregular, both as to occur- 
rence and prominence. It was evident in 
less than one-half of the animals and usually 
was of slight to moderate degree. It was seen 
most frequently in the first part of the study. 

The presence of increased amount of colla- 
gen in or about portal areas, although noted 
earlier in an occasional animal, was seen 
regularly after the sixteenth week. The colla- 
gen deposition was usually slight. In a 
number of livers after the sixteenth week, 
the portal areas were broader than normal 
and projected toward each other between the 
liver lobules. This tendency was in general 
progressive and in 4 animals thin trabeculae 
connected portal areas and surrounded liver 
lobules (Fig. 2E). Three of these occurred 
after the thirty-third week of the e.xperiment. 
This trabeculation did not occur in all lobp 
and lobule involvement was variable in 
degree. 

The portal changes described did not ap- 
pear to bear any specific or consistent rela- 


tionship to the lesions seen grosslj'. T’ 
portal involvement occurred in some I ' 
showing no gross lesion and gross lesions 
were present in some lobes in which portal 
changes were absent or inconspicuous. Occa- 
sionally the' portal alteration was someiriat 
more prominent in areas bordering the large 
lesions. 

Discussion. The main purpose of this 
experiment, the production of clear-cut portal 
cirrhosis, was not achieved. In 4 of the 
guinea pigs, certain lobes or parts of lobes 
showed lobules surrounded by thin trabeculae 
formed partly of collagen. In a number of 
other livers, narrow cellular and fibrous portal 
extensions partly surrounded lobules in an 
irregular fashion. However, the process was 
not diffuse, and there was no striking dis- 
organization of lobule architecture and 
arrangement. Since these latter features were 
missing, -sve do not feel justified in claiming 
the production of portal cirrhosis of the liver 
by the feeding of phosphorus. Manj' of these 
livers 'vvere thought of as showing precirrhotic 
changes. It is possible that frank cirrhosis 
might have resulted if the e.xperiment had 
been continued for another six months. 

This experiment throws little light on the 
working hypothesis that repeated zonal dam- 
age to the liver parenchyma will be followed 
by collagen deposition in the involved areas. 
This is true first because the necrosis was 
slight, inconstant in occurrence with only a 
tendency to be portal in location and second 
because intracellular accumulation of histo- 
logically demonstrable fat was often of slight 
degree and 'vvas periportal in location in onlj' 
about one-half the livers studied. 

This stud}”^ cannot be compared to that of 
Mallory since in his experiment, in which 
cirrhosis w'as produced, rabbits were used 
almost e.xclusively. Our choice of the guinea 
pig as the e.xperimental animal was made in 
order to avoid difficulties of interpretation 
which might arise in the rabbit due to the 
common presence of coccidial fibrosis. 

The principal purpose of this paper is to 
report the occurrence of the focal lesions. We 
have not previously' observed this type of 
injury following the chronic administration 
of a hepatotoxic agent. 
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The early pathogenesis of the focal lesions 
is not dearly eddent. Localized acute 
necrosis of the parenchyma seems to us the 
most likely explanation. However, this 
seen onlv in one liver. In evaluating thfc 
su-^aestion it should be borne m mind that 
celT debris resulting from acute necrosis 
often removed from the site in 3 to 4 day:=. 
Also it would seem pertinent to recall here 
that the early necrosis ph^e of epidemic 
hepatitis was not observed in the cases re- 
ported bv Lucke.^ An alternate e.vplanation 
of the formation of these localized lesioi^ 
would be the gradual loss of single or small 
-groups of cells from an area. Against this 
theorv is the fact that generally the entire 
lesion ceemed to be of the same histologic age. 
Central fibrosis with the peripheral part of 
the lesion showing only collapsed sinusoids 
was not observed. It is true that the largest 
lesions occurred in the latter part of the study 
but these were considered as probably result- 
ing from the development of adjacent rather 
than growth of individual lesions. It seems 
that the very gradual loss of cells from the 
lobule without replacement would lead simply 
to a reduction in size of the lobule, without 
sinusoidal collapse and condensation or pro- 
liferative fibrosis; this tv'pe of lesion was 
observed locally in a few livers. 

Since histologically "early" lesions were 
seen throughout the experiment, it cannot be 
concluded that all lesions would progress to 
the end stage described above. The ••'early’ 
lesions seen in the livers of animals killed in 
the latter part of the e.xperimental period 
could be chronologically old lesions which had 
failed to undergo fibrosis. Against this alter- 
native concept is the fact that in general the 
number of lesions per liver was greater in the 
second halt of the experimental period and 
that lesions with extensive fibrosis were not 
seen before the twenty-third week. 

A question raised by this e.xperiment con- 
cerns the factor responsible for the localized 
nature of the lesions. It seems quite illogical 
to assume that the parenchymal cells in one 
part of the liver are inherently more suscepti- 

l.eiOii-. Bal'li;!!!. .'inil M:i!lr.ry. Tr:;ey. Jn. J. 

rat;,., 104O, '.12. scr. 


ble to injury by phosphorus than another. It 
would appear that a more reasonable e.xplana- 
tion could be based on some ph\-siologic alter- 
ation of blood supply to the area. In an occa- 
sional superficial lesion sectioned vertically 
to the surface, the deep margin of the area 
of collapse was sharply limited by a fairly 
large hepatic arterj' (Fig. 2C). Primary* vas- 
cular lesions were not observed. 

Inasmuch as the hepatotoxic agent was ad- 
ministered by mouth, it is interesting that 
the gross lesions were neither limited to nor 
strikingly concentrated in the right or left 
half of the liver. From this observation, and 
reasoning from the theory that portal blood 
from different parts of the gastrointestinal 
tract reaches different lobes of the liver,* it 
might be suggested that absorption of phos- 
phorus in olive o'd is not limited to one seg- 
ment of the intestines. If the oil phosphorus 
mLxture passed by the lacteals into the general 
circulation before reaching the liver, this sug- 
gestion yvould be invalid. 

It is often difficult to determine whether 
fibrous tissue, which is seen in some areas 
where liver cells have disappeared and the 
sinusoids are collapsed, represents condensa- 
tion fibrosis or newly proliferated collagen. 
In the present study we feel that some of 
the lesions showed amounts of fibrous tissue 
far beyond that which could be accounted for 
on a condensation basis. This belief is sup- 
ported by the fact that the early lesions 
resembled the microscopic appearance of 
••acute yellow atrophy’’ with little or no 
increase in collagen, even though the sinusoids 
often yyere collapsed, whereas the few densely 
fibrotic lesions were seen onh" in the latter 
part of the study. In all likelihood the 
fibrosis occurred through both mechanisms. 

Summary. In an attempt to produce portal 
cirrhosis, guinea pigs were fed white phos- 
phorus in olive oil by mouth for periods up 
to 35 yveeks. ^licroscopic e.-camination of 
livers from animals killed after one yveek 
shoyved inconstant, slight to moderate cyto- 
plasmic hyalinization and occasional to few 
necrotic liver cells. There yvas also moderate 

< Enrtlett, F. K.. Corper, II. J., and Loog, E. I?., 
.In. .r. rh’mr.l. 1 P 14 , .-v;, gc. 
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during the early part of the experiment showed 
fine droplet fat deposits in the parenchymal 
cells. In most, it was of moderate degree 
and distributed diffusely throughout the 
lobule. In a few, the fat was sharply limited 
to a zone around the portal areas. This was 
seen most often when the fat was present in 
only small amounts. Although fatty change 
was seen throughout the experimental period 
(35 weeks), it was occasionally absent and 
not infrequently was of slight degree, par- 
ticularly in the last half of the experimental 
period. 

Incomplete hyalinization of liver cell cyto- 
plasm was often present but frank necrosis 
was limited to a few isolated cells or to ver}' 
small groups of cells. In a few animals the 
small number of necrotic liver cells present 
bordered the portal area but in most livers 
the necrotic cells were irregularly distributed. 
In some livers, necrosis was not seen. 

Portal cellular infiltrate, composed of 
lymphocytes and large mononuclear cells, was 
seen in most animals. When present it usu- 
ally was of slight to moderate degree and in 
general was less frequent and less prominent 
in the latter part of the experimental period. 

Proliferation of bile ducts or biliary epi- 
thelium was quite irregular, both as to occur- 
rence and prominence. It was evident in 
less than one-half of the animals and usualty 
was of slight to moderate degree. It was seen 
most frequently in the first part of the study. 

The presence of increased amount of colla- 
gen in or about portal areas, although noted 
earlier in an occasional animal, was seen 
regularly after the sixteenth week. The colla- 
gen deposition was usually slight. In a 
number of livers after the sixteenth week, 
the portal areas were broader than normal 
and projected toward each other between the 
liver lobules. This tendency was in general 
progressive and in 4 animals thin trabeculae 
connected portal areas and surrounded liver 
lobules (Fig. 2E). Three of these occurred 
after the thirty-third week of the e.xperiment. 
This trabeculation did not occur in all lobes 
and lobule involvement was variable in 
degree. 

The portal changes described did not ap- 
pear to bear any specific or consistent rela- 


tionship to the lesions seen grossly. The 
portal involvement occurred in some lobes 
showing no gross lesion and gross lesions 
were present in some lobes in which portal 
changes were absent or inconspicuous. Occa- 
sionally the" portal alteration was somewhat 
more prominent in areas bordering the large 
lesions. 

Discussion. The main purpose of this 
experiment, the production of dear-cut portal 
cirrhosis, was not achieved. In 4 of the 
guinea pigs, certain lobes or parts of lobes 
showed lobules surrounded by thin trabeculae 
formed partly of collagen. In a number of 
other livers, narrow cellular and fibrous portal 
extensions partly surrounded lobules in an 
irregular fashion. However, the process was 
not diffuse, and there was no striking dis- 
organization of lobule architecture and 
arrangement. Since these latter features were 
missing, we do not feel justified in claiming 
the production of portal cirrhosis of the liver 
by the feeding of phosphorus, hlany of these 
livers were thought of as showing precirrhotic 
changes. It is possible that frank cirrhosis 
might have resulted if the experiment had 
been continued for another six months. 

This experiment throws little light on the 
working hypothesis that repeated zonal dam- 
age to the liver parenchyma will be followed 
by collagen deposition in the involved areas. 
This is true first because the necrosis was 
slight, inconstant in occurrence with only a 
tendency to be portal in location and second 
because intracellular accumulation of histo- 
logically demonstrable fat was often of slight 
degree and was periportal in location in only 
about one-half the livers studied. 

This study cannot be compared to that of 
Mallory since in his experiment, in which 
cirrhosis was produced, rabbits were used 
almost exclusively. Our choice of the guinea 
pig as the e.xperimental animal was made in 
order to avoid difficulties of interpretation 
which might arise in the rabbit due to the 
common presence of coccidiai fibrosis. 

The principal purpose of this paper is to 
report the occurrence of the focal lesions. We 
have not previously observed this type of 
injury following the chronic administration 
of a hepatotoxic agent. 
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'■ ■-■:'4tphthcmc, C. bcktocnii, Diplococcus pncn- 
maniac (2), Ebcrthella typhosa (3). Eschc- 
‘'""-y fichia coU, Klebsiella pnatmotuac (2). Lacto- 
-.bacillus acidophilus, L. bulgaricits, PastcurcUa 
P-^lis, P. tularcusis, Proteus vulgaris (3). P. 
morganii, Pseudomonas aeruginosa, Salmonel- 
' — h ballcrup, S. cholcracsuis, S. cntcritidis, S. 

paratyphi (2), S. schottmuUcri, Serratia mar- 
-j: ccsccns, Shigella ambigua, S. dispar, S. 
dysciitcriac (2), S. jlcxneri (14)_, Staphylo- 
coccus aureus (5), Streptococcus jecalis, S. 
pyogenes (1 of 2 strains),. S. salivarius, and 
l ibrio comma (3 of 10). 

Human red cells were agglutinated by V. 
comma (7 of 10), S. pyogenes (1 of 2), 
Brucella bronchisepfica, Hemophilus pertussis, 
2nd Shigella alkalesccns (23). 

Clumping of red cells by 7 of the strains 
ot V. comma, one strain each of H. pertussis, 
and 5. pyogenes was detectable only on micro- 
^wpic examination. The suspension of B. 
oconchiscptica gave clumping clearly visible 
within 5 minutes by gross examination. 

The addition of a saline suspension of S. 
o'kalcsccus to human red cells caused clump- 
of the cells beginning in about 3 minutes. 
- ncroscopically, the cell aagregates resembled 
those produced by the action of isohemag- 
e'Utinins, The speed of reaction and the de- 
.?fce of clumping of human cells by S. alka- 
Icsecus was greater than that of other organ- 
Jsms studied, .\mong the bacteria studied, 
nii'y B. bronchiscptica approached this in- 
tensity of agglutination. Further observations 
the nature of hemagglutination by 5. 
olkalcsccns are therefore presented. 

Ebcct of Shigella alkalesccns on red blood 
cells of various species. As shown in Table I 
saline siispen.^ions of S. alkalesccns X.I.H. 
Xo. 4 agglutinate the red cells of certain 
.'pscies of animals and do not agglutinate 
others. 

Agglutination of human red cells by S. 
alkalesccns Xo. 4 docs not appear to be re- 
hated to known factor.^ in the red cells, such 
2s blood agclulinogcns B, O, M or X*. and 
the Rh anticens. since differences would have 
been expected to occur among this sample of 
hunwn cells. 

Twenty-one strains* of 3. alkalesccns were 


TABLE I. 

Effect on Bed Blood Cell of Several Species of 
Animals by the Addition of Saline Suspensions of 
S. alkaUscens X.I.H. 2Co. 4,* 


Species 

Type 

2so, of cell 
specimens 

Besnlt 

Human 

Group 0 Bh-f- 

11.5 

- 

i- 


” OBb— 

iyiy 

- 

- 


" ABh-f- 

112 

- 

- 


’ • A Eh— 

17 

- 

- 


” BEb-F 

30 

- 

- 


” BBh— 

3 

- 

- 


” ABEb-!-- 

3 




” ABBb— 

o 

- 

- 

Monkev 

(If. rhesus) 

17 

- 

- 

Hog 


S 

- 

- 

Horse 


5 

— 

- 

Hog 


s 

— 

“ 

Cow 


1.5 

— 

- 

Sbeep 


fy 

— 

- 

fiabbit 

Xew Zealand 

37 

— 

- 

Guinea pig 


25 

— 

- 

Mice 

Swiss 

5 

— 


Hamster 


5 

— 


Bat 

Wistar 

5 

— 



* ilixtnres of equal parts of 25c red cell suspen- 
sions and bacterial suspensions having turbidity 
equal to SOO p.p.m. silica st.andard, observed 1 hour 
at 35°C. 

Bh designations refer to the results obtained 
using an AnU-Eh„ blood typing serum. 

— = no agglutination. 

-r =: macroscopic .agglutination. 


lesiea against ceiis oi man, nurses, ana nogs. 
All but one strain gave equalh- strong re- 
actions with human cells; this weakly react- 
ing strain gave definite microscopic agglutina- 
tion. Against one specimen oi hog cells one 
strain failed to cause clumping. This strain 
was a different one from that giving the 
weak reaction with human cells. All specimens 
gave negative results with a suspension of 
horse red blood cells. 

Effect of various factors on the hemag- 
glutinin of Shigella alkalesccns. Broth cultures 
of 5. alkalesccns XkI.H. Xo. 4 were filtered 
through a Berkefeld filter, and the dear fil- 
trate gave no reaction with human red ceils. 
The possibility that the hemagglutinin was 
intimately associated with the bacteria] cell 
was investigated. 

A heavy suspension of S. alkalesccns X' I H 

at S.OOO oscillations per second for 20 min- 

• Ob!.ained~7r^'' 
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cellular infiltration of portal areas and paren- 
chymal fatty metamorphosis; the latter was 
sometimes periportal in location. These 
changes continued to be observed in most 
animals throughout the e.xperimental period 
with increasing amounts of collagen in portal 
areas appearing as the experiment progressed. 
The increase in collagen was definite but never 
great. In 4 animals thin collagenous trabe- 
culae connected portal areas and surrounded 
lobules. In a number of other animals fibrous 
extensions of portal areas were present but 
incomplete. There was neither prominent 
lobule distortion nor parenchymal hyper- 
plasia. The failure to produce clear-cut portal 
cirrhosis is considered to be due to the incon- 


stant and minimal degree of periportal 
necrosis. 

After 9 weeks, the livers showed an increas- 
ing incidence of depressed gross lesions of 
irregular shape and size. The lesions in some 
livers were of such extent and severit}’- as to 
produce marked deformity and shrinkage 
of various lobes. Microscopically, the lesions 
showed moderate to marked loss of paren- 
chymal cells with collapse of sinusoids and 
reticulum stroma. In the latter part of the 
experiment a few such lesions showed marked 
fibrosis. The probable pathogenesis of these 
lesions is discussed and the incidence by lobes 
is given. 


16304 

Hemagglutination by Bacterial Suspensions with Special Reference to 

Shigella alkalescens. 

James J. Griffitts. (Introduced by M. V. \^eldee.) 

From the Biologies Control Lahoratory, National Institute of Health, Bethesda, Hd. 


Agglutination of red blood cells by various 
viruses has interested many workers, and has 
been found useful in immunological investiga- 
tions of virus host relationships. Recently, 
Keogh, et al} have reported agglutination of 
red blood cells by saline extracts of Hemophil- 
us pertussis, Hemophilus parapertussis, and 
Hemophilus bronchisepticus. These authors 
suggest that this propertj'- of Hemophilus 
pertussis is related to the virulence of the 
organism and its ability to produce protective 
antibodies in mice. 

In the course of an incomplete and un- 
successful survey of bacteria for Rh-like anti- 
gens using anti-Rho blood typing serum, it 
was noted that saline suspensions of certain 
bacteria agglutinated human red cells in the 
absence of serum. It is the purpose of this 
report to describe some aspects of this phe- 
nomenon. 

Experimental Observations. Hemagglufina- 

1 Keogh, E. V., North, E. A., .ind 'Warburton, 
JJ. E., Nature, 1947, ICO, 03- 


lion by various bacterial species. Saline sus- 
pensions of bacteria grown for 24 hours on 
horsemeat infusion agar (and in a few in- 
stances on 5^ rabbit blood agar) were pre- 
pared to have a density equal to 500 p.p.m. 
silica standard." This t 3 'pe of suspension was 
used throughout these studies unless other- 
wise stated. Equal parts of these suspensions 
and 2% saline suspensions of once washed 
human Group O Rh-negative red cells were 
placed in small tubes. Agglutination was 
looked for after one hour’s incubation at 
3S''C. 

No agglutination of human red cells was 
obsen'ed using suspensions of the following 
bacteria (wherever more than one strain of 
organism was e.xamined, the number of strains 
is given in parenthesis) : Acrohacter acrogcues, 
Alcaligcnes jecalis. Bacillus anthracis. Brucel- 
la abortus, B. melitcnsis, Coryuebactcrium 

s standard Methods for Bxaminaiion of Water 
and Sewage, Gth Edition, Amcric-on Pnblic Health 
Association, New Tork, 1025, p. 4. 
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diphtbcriac, C. hcktocnii, Diplococcus pncu- 
mo'iiac (2), EberthcUa typhosa (3), Esche- 
richia coli, Klebsiella pneumoniae (2), Lacto- 
bacillus acidophilus, L. bulgaricus, Pastcurclla 
peslis, P. lularcnsis, Proteus vulgaris (3), P. 
morganii, Pseudomonas aeruginosa, Salmonel- 
la ballcrup, S. cholcracsuis, S. cntcritidis, S. 
paratyphi (2), S. schottmullcri, Serratia mar- 
ccsccus. Shigella ambigua, S. dispar, S. 
dyscntcriac (2), S. jlcxneri (14), Staphylo- 
coccus aureus (5), Streptococcus fccalis, S. 
pyogenes (1 of 2 strains), S. salivarhis, and 
Vibrio comma (3 of 10). 

Human red cells were agglutinated by V. 
comma (7 of 10), S. pyogenes (1 of 2), 
Brucella bronchise plica. Hemophilus pertussis, 
and Shigella alkalcscens (23). 

Clumping of red cells by 7 of the strains 
of V. comma, one strain each of 11. pertussis, 
and S. pyogenes was detectable only on micro- 
scopic examination. The suspension of B. 
bronchiseptica gave clumping clearly visible 
within 3 minutes by gross examination. 

The addition of a saline suspension of S. 
alkalcscens to human red cells caused clump- 
ing of the ceils beginning in about 3 minutes. 
IMicroscopically, the cell aggregates resembled 
those produced by the action of isohemag- 
glutinins. The speed of reaction and the de- 
gree of clumping of human cells bv S. alka- 
Icsccns was greater than that of other organ- 
i.-nn studied, .•\mong the bacteria studied, 
only B. bronchiseptica approached this in- 
f.cnsny of agglutination. Further observations 
of the nature of hemagglutination by S. 
atkalrsccns are therefore presented. 

Epcct oj Shigella alkalesccns on red blood 
cetls oj various species. As shown in Table I 
saline suspensions of 5. alkalcscens N.I.H. 
-No. 4 agglutinate the red cells of certain 
sp-cics of animals and do not agglutinate 
others. 

Agglutination of human red cells bv S. 
alkalrscens No. 4 does not appear to be re- 
lated to known factors in the red cells, such 
as blood agglutinogens A. B, O, AI or N, and 
the Rh antigens, since differences would have 
been expected to occur among this sample of 
human cells. 

Twenty-one strains* of S. alkalcscens were 


TABLE I. 

Effect on Bed Blood Cell of Several Species of 
Animals by tbe Addition of Saline Suspensions of 
S. alkalcscens N.I.H. No. 4.* 


No. of cell 


Species 

Tv-pe 

specimens 

Result 

Human 

Group 0 Rh-f- 

115 

4- 


’> ORh— 

0.-7 

+ 


” AEh-f 

112 

4* 


" AEh— 

17 

4- 


” BBh-f 

30 

4- 


” BEh— 

3 

4* 


” ABRh-f- 

3 

4- 


” ABRh— 

o 

4- 

Monkey 

(M. rhesus) 

IT 

4- 

Hog 


S 

4- 

Horse 


5 

— 

Bog 


S 

— 

Cow 


15 

— 

Sheep 


O 

— 

Rabbit 

New Zealand 

37 

— 

Guinea pig 


25 

— 

Mice 

Swiss 

5 

— . 

Hamster 


5 

— 

Rat 

Wistar 

0 

— 


• Mi.xtures of equal parts of 2% red cell suspen- 
sions and bacterial suspensions having turbidity 
equal to 500 p.p.m. silica standard, observed 1 hour 
at aS'C. 

Rh designations refer to the results obtained 
using an Anti-Eho blood typing serum. 

— = no agglutination. 

-b = macroscopic agglutination. 


tested against cells of man, horses, and hogs. 
All but one strain gave equally strong re- 
actions with human cells; this weakly react- 
ing strain gave definite microscopic agglutina- 
tion. Against one specimen of hog cells one 
strain failed to cause clumping. This strain 
was a different one from that giving the 
weak reaction with human cells. All specimens 
gave negative results with a suspension of 
horse red blood cells. 


Efjcct oj various factors on the hemag- 
glutinin oj Shigella alkalcscens. Broth cultures 
of S. alkalcscens X.I.H. No. 4 were filtered 
through a Berkefeld filter, and the clear fil- 
trate gave no reaction with human red celh. 
The possibility that the hemagglutinin was 
intimately associated with the bacterial cell 
was investigated. 


.V suspension oi i. alkalcscens X I H 

at S.OOO oscill ations per second for 20 min- 

“ * obt-uined from the 

.1 ii« u. s. x™, 
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TABLE II. 

Effect of Heat, Phenol, and Formalin on the Ability of S, alkalcsccns K.I.H. No. 4 to Agglu- 
tinate Human Bed Cells.* 


Agglutination of human red cells 
Dilution of bacterial suspension 


Treatment of suspension of 


S. alkalescens No. 4 

undil. 

1:2 

1:4 

1:8 

1:16 

1:32 

1:(U 

Fresb suspension 

+++ 

-F+ 

-f-f" 

-b 

+ 

:± 

__ 

Z7°C for 2 hr 

-f++ 

++ 

+ + 

-b 


— 

— 

56 ” ” 5 min 

+++ 

++ 

+-b 

-b 


•±: 

— 

56 ” ”15 min 


-i— i- 

+ 

•E 

— 

— 


56 ” ” 30 ” 


+ 

+ 

— 

— 

— 


93” ” X ” 

— 

— 

— 

— 

— 

— 

— 

0.5% formalin 30 mm 

+++ 

H — h 

+ -b 

-b 

±: 

— 


0.5% pbenol 30 min 

+++ 

-b-f 

-b-b 

-b 


— 

— 


* Bacterial suspensions equal in turbidity to 500 p.p.m. silica standard. 2% s.aline suspen- 
sions of red cells. 

— = no agglutination. 

± — microscopic agglutination. 

+ = macroscopic agglutination 


utes. Supernatant fluid from this suspension 
when undilute gave only microscopic reactions. 
Similar heavy suspensions of the organism 
were then rapidly frozen (in dry ice cellusolve 
mixture) and thawed 12 times, after which 
the material was placed in a Sharpies centri- 
fuge and spun at approximately 18,000 r.p.m. 
The supernatant resulting from this treat- 
ment gave reactions with human cells when 
diluted 256 times. 

It was noted that human red cells could 
be washed 5 times with saline without affect- 
ing the degree of reaction with S. alkalescens. 
However, suspensions of S. alkalescens N.I.H. 
No. 4 washed with saline showed a progres- 
sive loss of hemagglutinin for human cells. 
Traces of hemagglutinin present after 3 wash- 
ings disappeared after 6 washings. 

These observations indicated that the hem- 
agglutinin was separable from the bacterial 
cdl, and therefore, the factor may have been 
adsorbed to the Alter as previously used. 
Efforts to wash the material from Berkefeld 
filters were unsuccessful. 

The effect of heat, phenol, and formalin 
on the agglutination factor of S. alkalescens 
is summarized in Table II. 

Heat had an adverse effect on the hemag- 
glutinin, causing slight loss of activity at 
37°C for 2 hours, more noticeable effects at 
56” C for IS minutes, and destroying activity 
in one minute at 93”C. The addition of phenol 
and formalin to bacterial suspensions appeared 


to lessen the activity of the hemag"luf''™” 
after 30 minutes contact. 

Agglutination of human red cells by 3. alka- 
lescens took place at S°C and at 56°C as 
readily as at room temperature. 

The production of hemagglutinin by cul- 
tures of S. alkalescens at 35°C is shown in 
Table III. Bacterial suspensions of compar- 
able turbidity prepared on various days of 
growth on agar medium showed that hemag- 
glutinin increased from its level at 2 days to 
maximum proportions in 5 to 7 days, and 
thereafter fell in titer. 

The possibility that agglutinins for human 
cells present in various animal serums and 
tissue juices may' have influenced the reactions 
observed, appeared less probable when S. 
alkalescens growm on a medium containing a 
pancreatic digest of casein gave equally good 


reactions. 

Antiserums, prepared by injecting formal- 
inized suspensions of S. alkalescens into rab- 
bits. agglutinated the organisms. The ag- 
glutinated organisms washed free of serum 
failed to agglutinate human cells. 

A phenomenon not well e.xplained was ob- 
served in the course of this study. Twenty- 
three strains of S. alkalescens on horsemeat 
jjjfusion agar were placed in a cold room 
(5°C) for appro.ximatelj' 6 weeks. At this 
time, transplants were prepared and from 
these actively growing organisms suspensions 
were made, none of ivhich agglutinated human 
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TABLE IIL 


Titration of Hemagglutinin in Suspensions (Turbidity 500 p.p.m.) of S. allalescens on Dif- 
ferent Days of Grorrtli* 





Agglutination of human red cells 
Dilution of bacterial suspension 



J)ay of growth 

< 

1:2 

1:4 

1:8 

1:16 

1:32 

1:G4 

1:128 

1:256* 

2nd 


4-4- 




— 

— 

— 

— 

3 

-I- J — L- 

a,-L 



— 

— 

— 

— 

0 

1 t 1 

.J u 

4- 4-4- 

J L 

J — u 

-f 


— 

G 

1 t 1 

4“ 4“ 

a- -L-J- 

J t. 

4--r 

4- 


— 



t « 


-p 

4- 

4“ 

4“ 

— 

s 

9 


X-i- 

J u 

1 1 

1 ' t 

4- 






* Bacterial suspension prepared each day from grorvth of 5. aV:nJcscens. Turbidity = 500 
p.p.m. sUica standard. 2% saline suspensions of red cells. 

— = no agglutination, 
i = microscopic agglutination. 

-1- = macroscopic agglutination. 


ted cells, .\ddilioiial diied cullvues (svich as 
■were used originally in these studies) were 
obtained and fresh transplants from the dried 
cultures showed agglutinating activity as 
noted before. Thus it would appear that the 
hemagglutination factor is labile and under 
certain conditions may disappear from strains 
known to have possessed this factor. 

Discussion. The phenomenon of hemag- 
glutination by bacteria as reported here ap- 
pears to be different from reactions reported 
by Huebner, Thomsen. Friedenreich,“ and 
I'erada.^ These authors obser\-ed that red 
celi suspensions in which certain strains of 
bacteria {Coryncbactcrium and gram-positive 
cocci) are allowed to grow become agglutin- 
able with all human serums used to test the 
red cells. Xor does the phenomenon reported 
here appear to be related to the action of 
Coryncbactcrium hcklocnii^ or a mustard 
bacillus.'^ which impart to certain senims in 
which they are grown the ability to agglutin- 
ate all human and some animal red cells. 

The ability of bacterial suspensions to ag- 
glutinate red blood cells reported by Kraus 
and Ludwig' in 1902 and later elaborated by 

'' rricMlenrcxch, V-, The Thoinsen Unnafi ^ Uitinn - 
Ph< nnmnwJi, Copenlinfrcn. 1030. 

^ Tcr-.uln, K,, roiirnn Zasshi. 1030, iW, 

1207. 

David<;iilm. T.. ar.d Tolmr?l:v, B.. J. I;:/. 7>is-. 

1040. (;t. 2.". 

V,. T.. I’.iiil Crum. M. -T.. .7. J.fih. cJirl 
rim. 1030. to. 230, 


Guyot® and Fukuhara® appears to have re- 
ceived little attention.*'^ Kraus and Ludwig re- 
ported that certain strains of staphylococci and 
A-ibrio agglutinated rabbit cells. They reported 
that hemagglutination by organisms could be 
interfered with by the action of specific anti- 
serum. Guyot reported that 12 of IS strains 
of organisms designated B. coli agglutinated 
the cells of various animals. Eight of these 
strains showed considerable difference in the 
species of animals with which they reacted. 
He was unable to separate hemagglutinin 
from the bacterial cell. Fukuhara found that 
diphtheria, mouse t\phoid. paraUphoid. and 
Friedlander's bacilli and Sarcina contained 
hemagglutinins for cells of some species of 
animals. He extracted the hemagglutinin with 
alcohol from bacterial suspensions treated 
with O.IX XaOH. The possibility that such 
reactions might be used in immunological 
studies of bacteria, as suggested by Keo'^h 
ct al., gives bacterial hemagglutinin added 
sienificance. 

The finding of an active hemagglutinin in 
cultures of 5. alkalcsccns provides a readilv 
grown source of hemagglutinin for the studv 
of the phenomenon of agglutination. In ad- 


• Kraus.. B., .mti Luawjp, S.. 

TTcJinrchr., 1P02. IS, IgO. 
t^Garot, G., CM. /. JJalfcriol.. IPO® 4r n-n 
t>Fako}i.am, Y., ^ f /rir-vrO-* 3 V ‘ 

„ I • /- lrtv,\.nitutsfoneh., 1P03, 


ioPMrcc,B.H.,.anatVir.nc,C.K An 7 ir - 
Sei., ipn 4 , 32S, Ctlp. ’’ ^ 
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AX, 

Effect of Heat, Phenol, and rormalhi on the Ahilitr of S. al!.-alcscciis N.I.H. Xo. 4 to Anjihi- 
tiiiatc Human He’d Cells.* 


Agglutination of human red colls 

_ . „ . Dilution of bacterial susnonsiou 

Treatment of suspension of 


S. alkalesccns Ho. 4 

undil. 

1:2 

1:4 

■ 1:S 

1:16 

1:32 

1:64 

Eresli suspension 

-1-+-1- 

H — f* 

+ + 

4- 

+ 



ST'C for 2 br 

++-b 

-h-h 

+ -f 

■f 

-h 





5C ” ” 5 min 

56 ” ”15 min 

+ + -f 
++-f 

+4' 

+ + 

-j- 

+ 

+ 

+ 

-“f- 

— 

56 ” ” 30 ” 

+ + 

4“ 

-h 




___ 

- ■ 

93 ” 1 ” 









■ . 

0.5% formalin 30 m'n 

ri-d-f 

4-+ 

++ ' 

4" 

±: 





0.5% phenol 30 min 


4~4' 

-b + 

4" 





* Bacterial suspensions equal in turbidity to 500 p.p.ui. silica standard. saline suspen- 
sions of red cells. 

— = no agglutination. 

rt = microscopic agglutination. 

-f- = macroscopic agglutination 


utes. Supernatant fluid from this suspension 
when undilute gave only microscopic reactions. 
Similar heavy suspensions of the organism 
were then rapidly frozen (in dry ice cellusolve 
mixture) and thawed 12 times, after which 
the material was placed in a Sharpies centri- 
fuge and spun at approximately 18,000 r.p.ni. 
The supernatant resulting from this treat- 
ment gave reactions with human cells when 
diluted 256 times. 

It was noted that human red cells could 
be washed 5 times with saline without affect- 
ing the degree of reaction with S. alkalesccns. 
However, suspensions of 5. alkalesccns N.I.H. 
No. 4 washed with saline showed a progres- 
sive loss of hemagglutinin for human cells. 
Traces of hemagglutinin present after 3 wash- 
ings disappeared after 6 washings. 

These observations indicated that the hem- 
agglutinin was separable from the bacterial 
cell, and therefore, the factor may have been 
adsorbed to the filter as previously used. 
Efforts to wash the material from Berkefeld 
filters were unsuccessful. 

The effect of heat, phenol, and formalin 
on the agglutination factor of S. alkalesccns 
is summarized in Table II. 

Heat had an adverse effect on the hemag- 
glutinin, causing slight loss of activity at 
37°C for 2 hours, more noticeable effects at 
56 ”C for 15 minutes, and destroying activity 
in one minute at 93 °C. The addition of phenol 
and formalin to bacterial suspensions appeared 


to lessen the activity of the hemagglutinin 
after 30 minutes contact. 

Agglutination of human red cells by S. alkcr- 
lesccns took place at S'C and at Sfi'C as 
readily as at room temperature. 

The production of hemagglutinin b}’- cul- 
tures of 5. alkalesccns at 3S‘’C is shown in 
Table III. Bacterial suspensions of compar- 
able turbidity prepared on various days of 
growth on agar medium showed that hemag- 
glutinin increased from its level at 2 days to 
maximum proportions in 5 to 7 da^'s, and 
thereafter fell in titer. 

The possibility that agglutinins for human 
cells present in various animal serums and 
tissue juices may have influenced the reactions 
observed, appeared less probable when S. 
alkalesccns grown on a medium containing a 
pancreatic digest of casein gave equally good 
reactions. 

Antiserums, prepared by injecting formal- 
inized suspensions of 3'. alkalesccns into rab- 
bits, agglutinated the organisms. The ag- 
glutinated organisms washed free of serum 
failed to agglutinate human cells. 

A phenomenon not well e.xplained was ob- 
served in the course of this study. Twent)'- 
three strains of 3'. alkalesccns on horsemeat 
infusion agar were placed in a cold room 
(5°C) for appro.xiraately 6 weeks. At this 
time, transplants were prepared and from 
these actively growing organisms suspensions 
were made, none of which agglutinated human 
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Fig. 1. 

Effect of Various Doses of TliTrosin on Mouse Polioencepli.alitis. 


E-'qieriments were of the AB strain and came 
from the colony of Dr. John Bittner, Univer- 
sity of Minnesota. Their food consisted of 
Purina fox chow. The experiments were 
rorried out during the months of IMarch, June, 
and July. 

Piity mg of thyroxin crystals containing 
less than 64% iodine were dissolved in 5 
^rops of N sodium hydroxide and diluted 
uith distilled water to 50 cc. Injections of 
thyroxin were made subcutaneously four days 
before the inoculation with the virus so that 
the height of the thyroxin effect would coin- 
cide with the end of the incubation period. 

The iMM mouse virus was obtained from 
Hr. Raymond Bieter, University- of IMinne- 
sota. 0.1 cc of a 10^ dilution of the virus 
preparation %vas injected intraperitoneally 
without anesthesia. The same dilution was 
used throughout the experiments. 

All animals which showed signs of paralysis 
and encephalitis or were found dead within 
the period of 24 hours to 2 weeks after the 
injection of the virus were considered to have 
succumbed to the disease. 

The results in Fig. 1 show that no dose of 
thyroxin has been found which could protect 


T.VBLE I. 

Mortality of Tbyroxin-treated Animals and Un- 
treated Controls. 



Tbyroxin-tre.-ited 

animals 

2Con-treated 

controls 

% mortalitv after 

one week 

33.0 

39.7 

% mort.alitv after 

2 weeks 

51.2 

55.0 

'So, of animals 

211 

207 


the animals to a significant degree. When- 
ever differences in the susceptibility to the 
disease between the thyroxin-treated and un- 
treated control animals seemed to occur, these 
differences were found insignificant when a 
larger number of animals were used. 

Table I summarizes the result of all e.xperi- 
ments on thyroxin-treated and untreated con- 
trol animals. No change in the length of the 
incubation period and no significant difference 
in the mortality between thyroxin-treated and 
untreated animals could be observed. 

Smiwiary. The susceptibility of youn" 
mice of the AB strain to polioencephalitis 
due to the MM vims could not be affected 
significantly by treatment with various do=es 
of crystalline thyroxin. 
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dition, the presence of hemagglutinin may be 
useful in distinguishing this bacterial species 
from others of the genus Shigella. 

The specificity of the action of S. alkales- 
ccns on human, monkey, and hog red blood 
cells appears to indicate that some substances 
common to these three species are present in 
their red cells, while absent in cells of other 
animal species. This specificity is in rather 
marked contrast to the findings of Guyot, and 
also to the recent report of Keogh. 

Stimmary. 1. Saline suspensions of 5. alka- 
lescens, B. bronchheptica, H. pertussis, V. 
comma, S. pyogenes are capable of clumping 


human red blood cells. 

2. Suspensions of S. alkalesccns agglutinate 
human, monkey, and hog red blood cells, and 
do not agglutinate cells of certain other ani- 
mal species. 

3. The hemagglutinin of S. alkalesccns can 
be separated from the bacterial cell by high 
speed centrifugation after successive freezing 
and thawing of bacterial suspensions. 

4. The hemagglutinin of 5. alkalesccns is 
labile, being destro 3 md by heat, and spon- 
taneously disappears from cultures on stand- 
ing at S°C for 6 weeks. 
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Effect of Thyroxin on Mouse Susceptibility to Polioencephalitis.* 

Fsank Gollan. (Introduced by hi. B. Visscher.) 

From the Department of Physiology, University of Minnesota, Minneapolis. 


The fact that a small fraction of persons in 
a population group display recognizable 
symptoms of poliom 3 'elitis even in epidemic 
situations has led to the suggestion that there 
may be physiological factors involved in deter- 
mining the susceptibility to the disease. 

The higher morbidit 3 ’’ rate among children 
and pregnant women and the possibility of 
predisposing factors such as physical exertion 
and preceding infections suggest that this 
h 3 'pothetical ph 3 "siological factor ma 3 ’- be of 
an unspecific character. An increased meta- 
bolic rate is common to all these conditions 
mentioned. However, it may be noted that 
the observation of general decreases in BMR 
during the warmer season of the 3 fear when 
most poliomyelitis epidemics occur is not in 
agreement with the assumption of an increased 
metabolic rate as a factor increasing the 
susceptibility to poliomyelitis. 

Recent experimental studies^ on the influ- 
ence of environmental temperature on the 
resistance of Swiss white mice to the polio- 

* Aided by a grant from tlie National Founda- 
tion for Infantile Paralysis, Inc. 

iHoltman, D. Frank, Science, 1946, 103, 137. 


myelitis virus showed a marked tolerance of 
these animals to the infection when acclimated 
to low temperatures. Since th 3 'roxin secre- 
tion is increased upon exposure to cold the 
influence of tliyroid treatment on the suscepti- 
bilit 3 r to poliom 3 'elitis was investigated. On 
a small number of Swiss white mice it could 
be shown" that th 3 T 0 active substances were 
able to prolong the incubation period of polio- 
m 3 'elitis up to 100% whereas thiouracil had 
the opposite effect. 

The effect of the th3Toid hormone on the 
resistance to neurotropic virus disease is of 
great theoretical and practical importance and 
therefore further studies on this subject 
seemed indicated. Our investigations were 
concerned with the effect of crystalline thy- 
roxin on the susceptibility of mice to the 
mm strain of mouse polioencephalitis. Th3-- 
roxin was chosen instead of other thy'roactive 
extracts or substances because the effect of 
cr3'stal!ine th 3 TO.\-in on the metabolism lends 
itself in a more accurate way to a standardiza- 
tion of e.xperimental conditions. 

The 3 'S-weeks-old mice used for these 

SMoUmnn, D. Fr.nnk, Science, 1946, lOi, 50. 
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TABLE I. 

Eitrogen Content, Virus Activity, and Virus Vicld Buring Purificatiou of 5IM Poliomyelitis 



G nitrogcn/ml 

LBjo/ml 

G nitrogen/IiBju 

Tieia in % 

Original solution 
Eraction 1 

0 

.00347 

,00270 

.00063 

lOr.9 

10 r.s 

109.2 

3.4 X 10-10.9 

2.7 X 10 -io.s 

6.3 X 10-13.2 

100 

S2 

74 

3 

,000307 

109.0 

3.9 X 10-13.O 

66 

if 4 

.000207 

109.2 

2.0 X 10-13.2 

67 

>> o 

.00014 

109.1 

2.4 X 10-13.1 

65 

>' 6 

.OOOOS 

lOS.S 

S.O X 10-13. s 

Go 


The dear supernate (fraction 1) is diluted IS 
times with isotonic saline solution, the pH is 
then adjusted with N/10 hydrochloric acid by 
means of glass electrodes to 5.9 and the tem- 
perature of the solution is lowered to — 1°C 
bv immersing the beaker in a constant tem- 
perature cold bath. Enough methyl alcohol 
chilled to -20 and measured at that tem- 
perature is slowly added through a capillary 
to make up to *32% of the solution. The 
alcohol is left in contact with the solution for 
at least 6 hours and the precipitate is 
centrifuged off at 4,800 RPiNI in the cold 
for one hour. The clear supernatant fluid is 
discarded, the precipitate drained in the cold 
and washed once with a chilled mixture of 
32% methyl alcohol in isotonic saline solu- 
tion of pH 5.9. The precipitate is again 
drained in the cold and then thoroughly sus- 
pended in one-twentieth of the original vol- 
ume of phosphate buffer at room temperature 
and stirred with an electric stirrer for one 
hour. The insoluble particles are centrifuged 
off at 4,800 RPM in the cold for one hour 
and discarded. The supernate (fraction 2) is 
frozen at -20° C for 24 hours. After thawing, 
but still at 0°C, the formed precipitate is 
centrifuged off at 4,800 RPM in the cold for 
30 minutes and discarded. The clear opal- 
escent supernate (fraction 3) is diluted 10 
times with isotonic saline solution, the pH 
is adjusted to 3.5 with N/10 hydrochloric 
acid, the temperature is lowered to -1°C 
and enough chilled methyl alcohol is added 
to give a Anal concentration of 30%. After 
at Ica.'t 6 hours, the precipitate is centri- 
fuged off in the cold for 30 minutes and 
the .supernate is discarded. Tlie precipi- 
tate is drained in the cold and washed 


with a chilled solution of 30% methyl alcohol 
in isotonic saline pH 5.5, again drained in 
the cold and then thoroughly suspended in 
one-tenth of the original volume of phosphate 
buffer pH 7.0 at room temperature and 
stirred with an electric stirrer for one hour. 
The insoluble particles are centrifuged off for 
one hour in the cold at 4,800 RPM and dis- 
carded. The supernatant fluid (fraction 4) 
is frozen over night. After thawing, but 
still at 0°C, the precipitate formed is cen- 
trifuged off in the cold at 4,800 RPVI for one 
hour and is discarded. The water-clear super- 
natant fluid (fraction 5) is transferred into 
cellophane tubing of S mm diameter and 
dialyzed against frequent changes of distilled 
water in the cold for one day. After centri- 
fuging the solution in the cold at 4.S00 RPM 
for one hour a small precipitate of water 
insoluble proteins can be separated and dis- 
carded. The water clear supernatant fluid 
(fraction 6) contains the purified virus. 

The nitrogen content of all fractions was 
measured by the micro Kjcldahl method. 
The activity of each fraction was ascertained 
by intracerebral injection of 0.03 ml of the 
diluted fractions into 3- to 5-weeks-old mice 
of the ZBC strain obtained from the colony 
of Dr. John Bittner, Universit,v of Minnesota. 
The animals were observed for 2 weeks. 
Groups of 8 mice were used for each dilution 
and the final LDjo was calculated by the 
method of Reed and iMuench.*® 

The results of a typical e.xperiment and 
tlie effect of each step on the nitrogen content 
and the specific virus activity are shmvn in 

isBccd, L. J., nnil Jriicncli, II., Act. J. IlunUnc, 
3.03S, 27, JP3. 
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Purification o£ the MM Poliomyelitis Virus.* 


Fkank Gollan. (Introduced by M. B. Visscher.) 
From the Department of Fhysiology, University of Minnesota. 


In the numerous attempts to purify differ- 
ent strains of the poliomyelitis virus many 
methods have been employed including adsorp- 
tion/ ultracentrifugation/-®4 salting out and 
ultracentrifugation/’®'’’ isoelectric precipita- 
tion, salting out, and ultracentrifugation,® iso- 
electric precipitation and ultracentrifugation,® 
freezing and thawing and .ultracentrifuga- 
tion,^° and precipitation with acetone.^^ 

In recent years the use of organic solvents 
as precipitating agents has found wide appli- 
cation in the purification of various proteins. 
It has been shown that methyl alcohol at low 
temperatures loses its denaturing effect on pro- 
teins^® and that conditions of alcohol concen- 
tration, ionic strength, temperature, and pro- 
tein concentration have to be controlled in 
order to achieve optimal separation.^® For 
the purification of tetanus to.\-oid^^ and diph- 
theria to.xoid^® these conditions have been 

Aided by a grant from the National Pouada- 
tiojj for Infantile Paralysis, Inc. 

1 Sabin, A. B., J. Exp. McS., 1932, 50, 307. 

2 Clark, P. F., Ainsworth, E. 0., and Kindsehi, 
I/. Q,, Proc. Soo. Exp. Bion. and Med., 1933, SI, 
255. 

3 Schultz, E. W., and Kaffel, S., Psoc. Soc. Exp. 
Biod. and Med., 1937, 37, 297. 

4 Loring, H. S., and Schwerdt, G. E., E.rp. 
Med, 1942, 75, 39u. 

5 Clark, P, F., Easmnssen, A. F,, and tVIiitc, 
W. C., /. Fact., 1941, 42, 63. 

C Gard, S., Ford Med, 1944, 22, 1239. 

TGard, S., and Pedersen, K. O., Science, 1941, 
94, 493. 

s Bonrdiilon, J., and Moore, D. H., Science, 1942, 
90, 541. 

OBourdillou, J., Arch. Biochem., 1943, 3, 2S5. 
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Soc. Exp. Eiod. and Med., 1949, 02, 2S9. 

liHerrarto, E., and Fr.ineis, T., J. Inf. Die., 
1943, 73, 209. 

12 Liu, Szu-Cliih, and tVu, Hsien, Chinese J. 
Physiol., 1934, 8, 97, 

13 Cohn, E. X, Chem. Fev., 1941, 2S, 393. 

iiPillcmcr, L., X Immnn., 1949, 33, 237. 


established. The successful purification of 
different strains of the influenza virus by 
alcohol precipitation at low temperatura 
has also been reported^® and the same 
authors observed that essentially the same 
procedure may be used for the purification of 
other viral and rickettsial agents, regardless 
of whether the starting material was infected 
allantoic fluid, yolk sac, chick embrj’o, mouse 
or rabbit brain. 

The present work deals with the purifica- 
tion of the rodent polioencephalomj’elitis virus 
known as the MM strain,^® by methods which 
use freezing and thawing, alcohol precipitation 
and dialysis as their main features. -Mter 
numerous preliminary e.vperiments the follow- 
ing method gave the purest preparation with 
the best yield. 

A 33% mi.xture of infected mouse brain 
and cord in O.I M phosphate buffer pH 7.0 is 
prepared by homogenizing the previously 
frozen tissue in a Potter-EIvehjem glass 
homogenizer. The mixture is then frozen at 
— 20°C for 24 hours. After thawing the tissue 
particles are centrifuged off at 4,800 RPJI 
at 4°C for one hour. The clear super- 
natant fluid is shaken with an equal volume 
of ether and centrifuged at 4,800 RPiM in 
the cold for 15 minutes. The gelatinous layer 
at the surface is pierced with a glass rod, the 
clear fluid underneath is collected in a beaker, 
the remaining ether is suctioned off in a desic- 
cator connected with a water pump for 30 
minutes and the clear solution is then trans- 
ferred into centrifuge tubes and frozen at 
-20“C over night. After thawing to O'C, the 
insoluble material is centrifuged off at 4.S00 
RPM in the cold for one hour and discarded. 

ispiUenjer, L., Toll, D., .aud B.idgcr, S. X, 
X. Biol. Chan., 1947, 170, 571, 

ifi Cox, H. E., v.m dcr Schcer, X, Aiston. St., 
and Bohnel, E., X. Immun., 1947, 5G, 149. 

W Jnngeblut, C, 'W., and Dalldorf, G., Am. X. 
Pub!. Health, 1943, 33, 109. 
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TABLE I. , - 

Nitrogen Content, Tirns Activity, and Tims Tield During Purification of MAI Pohomyelit.s 



G nitrogen/ml 

LDjo/ml 

G nitrogen/LDjo 

Tieldin Si 

Original solution 
Fraction 1 

l> 9 

.00347 

.00270 

.00063 

107-9 

107.S 

109.2 

3.4 X 10-10.9 

2.7 X 10 -io.s 

6.3 X 10-13-2 

100 

82 

74 

3 

.000397 

109.0 

3.9 X 10-13.O 

66 

fj 4 

.000207 

109-2 

2.0 X 10-13.2 

67 


.00014 

109-1 

2.4 X 10-13.1 

65 

” 6 

.00008 

los.s 

S.O X 10-13.8 

65 


The clear supernate (fraction 1) is diluted 15 
times with isotonic saline solution, the pH is 
then adjusted with N/10 hydrochloric acid by 
means of glass electrodes to 5.9 and the tem- 
perature of the solution is lowered to —1 C 
bv immersing the beaker in a constant tem- 
perature cold bath. Enough methyl alcohol 
chilled to -20 -C and measured at that tem- 
perature is slowly added through a capillarj- 
to make up to 32% of the solution. The 
alcohol is left in contact with the solution for 
at least 6 hours and the precipitate is 
centrifuged off at 4,800 RPAI in the cold 
for one hour. The clear supernatant fluid is 
discarded, the precipitate drained in the cold 
and washed once with a chilled mixture of 
32% methyl alcohol in isotonic saline solu- 
tion of pH 5.9. The precipitate is again 
drained in the cold and then thoroughly sus- 
pended in one-twentieth of the original vol- 
ume of phosphate buffer at room temperature 
and stirred with an electric stirrer for one 
hour. The insoluble particles are centrifuged 
off at 4,800 RPAI in the cold for one hour 
and discarded. The supernate (fraction 2) is 
frozen at -20°C for 24 hours, .^fter thawing, 
but still at 0°C, the formed precipitate is 
centrifuged off at 4,S00 RPM in the cold for 
30 minutes and discarded. The clear opal- 
escent supernate (fraction 3) is diluted 10 
times with isotonic saline solution, the pH 
is adjusted to 5.5 with N/10 hydrochloric 
acid, the temperature is lowered to -1®C 
and enough chilled methyl alcohol is added 
to give a final concentration of 30%. After 
at least 6 hours, the precipitate is centri- 
fuged off in the cold for 30 minutes and 
the supernate is discarded. The precipi- 
tate is drained in the cold and washed 


with a chilled solution of 30% methyl alcohol 
in isotonic saline pH 5.5, again drained in 
the cold and then thoroughly suspended in 
one-tenth of the original volume of phosphate 
buffer pH 7.0 at room temperature and 
stirred with an electric stirrer for one hour. 
The insoluble particles are centrifuged off for 
one hour in the cold at 4,800 RPAI and dis- 
carded. The supernatant fluid (fraction 4) 
is frozen over night. After thawing, but 
still at O'C, the precipitate formed is cen- 
trifuged off in the cold at 4,800 RPAI for one 
hour and is discarded. The water-clear super- 
natant fluid (fraction 5) is transferred into 
cellophane tubing of 8 mm diameter and 
dialyzed against frequent changes of distilled 
water in the cold for one day. After centri- 
fuging the solution in the cold at 4,800 RPM 
for one hour a small precipitate of water 
insoluble proteins can be separated and dis- 
carded. The water clear supernatant fluid 
(fraction 6) contains the purified virus. 

The nitrogen content of all fractions was 
measured by the micro Kjeldahl method. 
The activiti- of each fraction was ascertained 
by intracerebral injection of 0.03 ml of the 
diluted fractions into 3- to 3-weekE-old mice 
of the ZBC strain obtained from the colony 
of Dr. John Bittner, University of hlinnesota. 
The animals were obsen’ed for 2 weeks. 
Groups of 8 mice were used for each dilution 
and the final LDso was calculated by the 
method of Reed and Aluench.^® 

The results of a ti-pical experiment and 
the effect of each step on the nitrogen content 
and the specific virus actirity are shown in 

IS Eeed, L. J., and Aluencli, H., Am. J. Hygiene, 
193S, 27, 493. 
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Purification of the MM Poliomyelitis Virus * 


Frank Gollan. (Introduced by ]\I. B. Visscher.) 
From the Department of Physiology, University of Minnesota. 


In the numerous attempts to purify differ- 
ent strains of the poliomyelitis virus many 
methods have been employed including adsorp- 
tion/ ultracentrifugation, salting out and 
ultracentrifugation, isoelectric precipita- 
tion, salting out, and ultracentrifugation,® iso- 
electric precipitation and ultracentrifugation,® 
freezing and thawing and . ultracentrifuga- 
tion, and precipitation with acetone.^^ 

In recent years the use of organic solvents 
as precipitating agents has found wide appli- 
cation in the purification of various proteins. 
It has been shown that methyl alcohol at low 
temperatures loses its denaturing effect on pro- 
teins^® and that conditions of alcohol concen- 
tration, ionic strength, temperature, and pro- 
tein concentration have to be controlled in 
order to achieve optimal separation.^® For 
the purification of tetanus toxoid^ and diph- 
theria to.\oid^® these conditions have been 

*■ Aided by a gr-ant from tlio Natioiml Pounda- 
tion for Infantile Paralysis, Inc. 
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established. The successful purification of 
different strains of the influenza virus by 
alcohol precipitation at low temperatures 
has also been reported*® and the same 
authors observed that essentially the same 
procedure may be used for the purification of 
other viral and rickettsial agents, regardless 
of U'hether the starting material was infected 
allantoic fluid, yolk sac, chick embryo, mouse 
or rabbit brain. 

The present work deals with the purifica- 
tion of the rodent polioencephalonn^elitis virus 
known as the IMIM strain,*' b}’’ methods which 
use freezing and thawing, alcohol precipitation 
and dialysis as their main features. After 
numerous preliminary e-xperiments the follow- 
ing method gave the purest preparation with 
the best yield. 

A 33% mixture of infected mouse brain 
and cord in 0.1 hi phosphate buffer pH 7.0 is 
prepared by homogenizing the previously 
frozen tissue in a Potter-Elvehjem glass 
homogenizer. The mixture is then frozen at 
-20°C for 24 hours. After thawing the tissue 
particles are centrifuged off at 4,S00 RPhI 
at 4‘’C for one hour. The clear super- 
natant fluid is shaken with an equal I’olume 
of ether and centrifuged at 4,800 RPhI in 
the cold for 15 minutes. The gelatinous layer 
at the surface is pierced with a glass rod. the 
dear fluid underneath is collected in a beaker, 
tlie remaining ether is suctioned off in a desic- 
cator connected with a water pump for 50 
minutes and the clear solution is then trans- 
ferred into centrifuge tubes and frozen at 
-20'C over night. After thawing to O'C, the 
insoluble material is centrifuged off at 4.800 
RPM in the cold for one hour and discarded. 

l=PiIIemer, L., Toil, D., and Badger, S. J., 

J. Biol. Chem., 1947, 170, 571. 

leCo.v, H. E., van der Schcer, J., .\istoii. St., 
and Bohnd, E., P. Immun., 1947, oO, 149. 

I" d'uugeblut, C. W., and Bandorl, G.. Am. J 
Ftthl Health, 3943, S3, 1G9. 
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TABLE I. , . 

Nitrogen Content, Virus Actiritj-, and Y^rns Yield During Purification of Poliomyelitis 

® TT?rtic 



G nitrogen/ml 

LDjo/mf 

G nitrogen/LD^o 

Yield ill % 

Original solution 
Fraction. 1 

2 

.00347 

.00270 

.00063 

107.0 

lor-s 

103-2 

3.4 X 10-10.9 

2.7 X 10-io.s 

6.3 X 10-13.2 

100 

82 

74 

3 

.000397 

109.0 

3.9 X 10-13.0 

60 

4 

.000207 

109.2 

2.0 X 10-13.2 

67 

ti 5 

.00014 

109.1 

2.4 X 10-13.1 

65 

” 6 

.00008 

10S.8 

8.0 X 10-13.8 

65 


The clear supernate (fraction 1) is diluted 15 
times with isotonic saline solution, the pH is 
then adjusted with N/10 hydrochloric acid by 
means of glass electrodes to 5,9 and the tem- 
perature of the solution is lowered to — 1°C 
bv immersing the beaker in a constant tem- 
perature cold bath. Enough methyl alcohol 
chilled to -20-C and measured at that tem- 
perature is slowly added through a capillarji 
to make up to 32% of the solution. The 
alcohol is left in contact with the solution for 
at least 6 hours and the precipitate is 
centrifuged off at 4,800 RP3I in the cold 
for one hour. The clear supernatant fluid is 
discarded, the precipitate drained in the cold 
and washed once with a chilled mi.Yture of 
32% methyl alcohol in isotonic saline solu- 
tion of pH 5.9. The precipitate is again 
drained in the cold and then thoroughly sus- 
pended in one-twentieth of the original vol- 
ume of phosphate buffer at room temperature 
and stirred with an electric stirrer for one 
hour. The insoluble particles are centrifuged 
off at 4,800 RPiM in the cold for one hour 
and discarded. The supernate (fraction 2) is 
frozen at -20'’C for 24 hours. After thawing, 
but still at O^C, the formed precipitate is 
centrifuged off at 4,800 RPM in the cold for 
30 minutes and discarded. The clear opal- 
escent supernate (fraction 3) is diluted 10 
times with isotonic saline solution, the pH 
is adjusted to 5.5 with N/10 hydrochloric 
acid, the temperature is lowered to -1°C 
and enough chilled methyl alcohol is added 
to give a final concentration of 30%, After 
at least 6 hours, the precipitate is centri- 
fuged off in the cold for 30 minutes and 
the supernate is discarded. The precipi- 
tate is drained in the cold and washed 


with a chilled solution of 30% methyl alcohol 
in isotom'c saline pH 5.5, again drained in 
the cold and then thoroughly suspended in 
one-tenth of the original volume of phosphate 
buffer pH 7.0 at room temperature and 
stirred with an electric stirrer for one hour. 
The insoluble particles are centrifuged off for 
one hour in the cold at 4,800 RPiM and dis- 
carded. The supernatant fluid (fraction 4) 
is frozen over night. After thawing, but 
still at O'C, the precipitate formed is cen- 
trifuged off in the cold at 4,800 RPM for one 
hour and is discarded. The water-dear super- 
natant fluid (fraction 5) is transferred into 
cellophane tubing of 8 mm diameter and 
diah'zed against frequent changes of distilled 
water in the cold for one day. After centri- 
fuging the solution in the cold at 4,800 RPil 
for one hour a small precipitate of water 
insoluble proteins can be separated and dis- 
carded. The water clear supernatant fluid 
(fraction 6) contains the purified rirus. 

The nitrogen content of all fractions was 
measured by the micro Kjeldahl method. 
The activity of each fraction was ascertained 
by intracerebral injection of 0.03 ml of the 
diluted fractions into 3- to 5-weeks-old mice 
of the ZBC strain obtained from the colony 
of Dr. John Bittner, University of ^ilinnesota. 
The animals were obser\'ed for 2 weeks. 
Groups of S mice were used for each dilution 
and the final LDjo was calculated by the 
method of Reed and !Muench.^® 

The results of a tipical e.vperiment and 
the effect of each step on the nitrogen content 
and the specific virus activity are shown in 

iSEeed, L. J., and Miiench, H., Jnt. J. Hyniene 
193S, 27, 493. 
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In the numerous attempts to purify differ- 
ent strains of the poliomyelitis virus many 
methods have been employed including adsorp- 
tion,^ ultracentrifugation, salting out and 
ultracentrifugation, isoelectric precipita- 
tion, salting out, and ultracentrifugation,® iso- 
electric precipitation and ultracentrifugation,® 
freezing and thawing and .ultracentrifuga- 
tion,^® and precipitation with acetone.^^ 

In recent years the use of organic solvents 
as precipitating agents has found wide appli- 
cation in the purification of various proteins. 
It has been shown that methyl alcohol at low 
temperatures loses its denaturing effect on pro- 
teins^® and that conditions of alcohol concen- 
tration, ionic strength, temperature, and pro- 
tein concentration have to be controlled in 
order to achieve optimal separation.^® For 
the purification of tetanus to.\oid^* and diph- 
theria toxoid^® these conditions have been 

* Aided by a grant from tlie National Founda- 
tion for Infantile P.or.ilysis, luc. 

1 S.ibin, A. B., J. Ewp. Med., 1932, 50, 307. 

2 Clark, P. F., Ainsworth, E. 0., .and Kindschi, 
It. Gr., Pboc. Soo. Fxp. Bron. and Med., 1933, 31, 
255. 

3 Schultz, E. TV., and Eaffel, S., Pboc. Soc. Exp. 
Biol, axd Med,, 1937, 37, 297. 

r LoHng, E. S., and Schwerdt, C. E., I . F.rp. 
Med, 194S, 73, 395. 

» Clark, P. F., Easmusson, A. F., and TVhite, 
TV. C., J. Bad., 1941, 43, 63. 

0 Card, S., Ford Med, 1944, 32, 1239. 

TGard, S., and Pedersen, K. O., Science, 1941, 
94, 493. 

s Bourdillon, J., and Moore, B. H., Science, 1942, 
96, 541. 

9 Bourdillon, J., Jrcli. Siochem., 1943, S, 285. 

10 Poring, H. S,, and Schwerdt, C. E., Pnoc. 
Soc. Exp. Biol, axd Med., 1940, 02, 2S9. 

iiHerrnrtc, E., and Prancis, T., d. Inf. Dis., 
1943, 73, 200. 

12 Liu, Szii-Chih, and TVn, Hsicn, Chinese J, 
Physiol, 1934, 8, 97. 

13 Colin, E. J., Chem. Bev., 1941, 28, 395. 

11 Pillemer, L., d. Immnn., 1940, 53, 237. 


established. The successful purification of 
different strains of the influenza virus by 
alcohol precipitation at low temperatures 
has also been reported*® and the same 
authors observed that essentially the same 
procedure may be used for the purification of 
other viral and rickettsial agents, regardless 
of whether the starting materia! was infected 
allantoic fluid, jmlk sac, chick embryo, mouse 
or rabbit brain. 

The present work deals with the purifica- 
tion of the rodent polioencephaioni.veJitis virus 
known as the MiM strain,*" by methods which 
use freezing and thawing, alcohol precipitation 
and dialysis as their main features. After 
numerous preliminarj’- e.vperiments the follow- 
ing method gave the purest preparation with 
the best jdeld. 

A 33% mi.vture of infected mouse brain 
and cord in O.I M phosphate buffer pH 7.0 is 
prepared by homogenizing the previously 
frozen tissue in a Potter-Elvehjem glass 
homogenizer. The mixture is then frozen at 
-20°C for 24 hours. After thawing the tissue 
particles are centrifuged off at 4,800 RPM 
at 4'"C for one hour. The clear super- 
natant fluid is shaken with an equal volume 
of ether and centrifuged at 4,800 RP3I in 
the cold for 15 minutes. The gelatinous layer 
at the surface is pierced with a glass rod. the 
clear fluid underneath is collected in a beaker, 
the remaining ether is suctioned off in a desic- 
cator connected with a water pump for 30 
minutes and the clear solution is then trans- 
ferred into centrifuge tubes and frozen at 
-20- C over night. After thawing to O C. the 
insoluble material is centrifuged off at 4.800 
RPil in the cold for one hour and discarded. 

isPitlcmcr, L., Toll, D., nnd B.ulgi'r, S. J.. 
d. Bid. Clicm., 1947, I TO, S71. 

ieCo.\-, H. H., v.in dcr Schcer, J.. -listoii. St., 
and EolincI, E,, d. Immurt., 1047, 30, 349. 

iTJiingcblut, C. TV., .nnd B.iEOorf, G., Jm. J 
Pud. Health, 1943, 33, 169. 
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Fig. 1. 

Electron micrographs and shadowgraphs of an infected monsebrain suspension containing 
3.9 X 10-14 g nitrogen per EDjq. Magnification 30,000. 



tide dimensions could be made by measuring 
the shadow width and shadow length. The 
shadow length should be 5 times the diameter. 

In both micrographs there is an indication 
for a slight asymmetrj’ of the particles. In 
measuring the diameter of the particles a 
minimum dimension of 10 m/i and a roa-dmum 
of 20 mfi with an average of about 12 mft was 
found.l 

These micrographs confirm the findings of 


t These measurements would indicate a molecu- 
lar weight of the order of 500,000 to 1,000,000. 


Loring. :Marton and Schwerdt- of the absence 
of thread-like particles^ and show also essen- 
tially the same shape and size of particles as 
described by these authors. 

Summary. Electronmicroscopic studies of 
a preparation of purified AIM Poliomyelitis 
virus show an uniformity of particle size in 
the range from 10 to 20 m/i with an average 
diameter of about 12 m^. 

2 Loring, H. S., Marton, L., and Schwerdt, C. E., 
Peoc. Soc. Exp. Biol, and Med., 1946, 62, 291. 

3 Gard, S., Ada Med. Scand., Suppl., 1943, 143, 
173. 
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For .vears it has been known that blood 
has the ability to inactivate added, as well 
as spontaneously formed, thrombin. Rettger* 
attributed this to the plasma proteins as a 
specific function; Lenggenhager^ related the 
activity to the albumin fraction. Smith’s® 
group has suggested that the rate of thrombin 

• Abridgment of a portion of thesis, submitted 
by Dr. Owen to the Fticnlty of the Graduate School 
of the University of Minnesota in partial fulfill- 
ment of the requirements for the degree of Ph.D. 
in Medicine. 


destruction varies with the heparin concen- 
tration and that the absolute amount is lim- 
ited by the concentration of heparin “cofac- 
tor.” Wilson'* developed a method for esti- 
mating antithrombin by so diluting plasma 

1 Bettger, L. J., Am. J. Physiol., 1909, 24, 406. 

2 Lenggenhager, Karl, Melv. med. Acta, 1935, 
1, 527. 

sSeegers, 'W. H., Warner, E. D., Brinihons, 
K. M., and Smith, H. P., Science, 1942, 90, 300. 

4 Wilson, S. J., Peoc. Soc. Eep. Biol, and Med., 
1940, 43, 676. 
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Table I. In this experiment a 43-fold purifi- 
cation was achieved and after the deduction 
of the 35% loss of virus activity a purifica- 
tion factor of about 28 resulted. 

Conclusion. A simple method requiring 


standard laboratory equipment only is de- 
scribed which by means of freezing and thaw- 
ing, alcohol precipitation and dialysis accom- 
plishes a marked purification of the JBI 
poliomyelitis virus. 
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Frank Gollan and J^ajies F. Marvin. (Introduced by M. B. Visscher.) 

With the technical assistance of Miss \^irgmia Jlary Kletzin. 

From the Departments of Physiology and Biophysics, University of Minnesota, Minneapolis. 


The purified virus used for electronmicro- 
scopic studies was prepared in essentially the 
same way as described in detail in the pre- 
ceding paper. During the preliminary studies 
the observation was made that highly con- 
centrated brain suspensions in phosphate 
buffer yielded heavier precipitates after freez- 
ing and that a higher degree of purification 
could be achieved by keeping the protein 
concentration as high as possible. 

A 25% mixture of infected mouse brain 
and cord in 0.1 M phosphate buffer pH 7.0 
ivas prepared by homogenizing the previously 
frozen tissue in a Potter-Elvehjem glass homo- 
genizer. The mixture was then frozen for 24 
hours. After thawing the tissue particles were 
centrifuged off, the clear supernate was ex- 
tracted with two-thirds its volume of ether, 
centrifuged and the gelatinous layer at the 
surface was discarded. The remaining ether 
was removed in a desiccator and the solution 
was frozen overnight. After thawing the pre- 
cipitate was centrifuged off and discarded. 
The temperature was then lowered to -l'’C 
and enough chilled methyl alcohol was added 
to a final concentration of 30% methanol. 
After 6 hours the precipitate was centrifuged 
off, washed once with 30% methyl alcohol in 
buffer, suspended in one-tenth of the original 
volume, the insoluble particles were centri- 
fuged off and the supernate was frozen over- 
night. After thawing the precipitate was 
centrifuged off and discarded. The super- 

* Aided by a grant from tlie Natioiml Founda- 
tion for Infantile Paralysis, Inc. 


natant fluid was dialysed against distilled 
water for 24 hours, the water insoluble pro- 
teins were centrifuged off and discarded. The 
supernatant fluid was frozen for 2 weeks, 
thawed and a final precipitate was centrifuged 
off and discarded. 

By this procedure the nitrogen content 
was reduced from 2.72 mg per ml in the orig- 
inal clear solution to 0.0119 mg per ml in the 
final fraction. Thus, a 228 fold purification 
was achieved or 99.5% of the total nitrogen 
of the original solution was removed. The final 
yield amounted to about 10% of the total 
virus activity of the original solution and 
therefore a purification factor of about 22.8 
resulted. The final fraction contained 1.19 x 
lO"*- g of “virus” nitrogen per ml and one 
inoculum contained 3.9 x g of “virus” 
nitrogen. 

The mounts for the electron micrographs 
were prepared by the usual technique of 
applying a small drop of the 10 times diluted 
final fraction (1.19 x lO"^^ g nitrogen per ml) 
to a thin formvar membrane supported bjf a 

inch diameter disc of 200 mesh copper 
screen and allowing it to dry. The gold- 
shadowed specimen was prepared by apply- 
ing a small drop of the solution to a micro- 
scope slide. This was treated by the gold 
shadowing technique of Williams and Wyefcofff 
(8 .AU film of gold at a shadow angle of 5 to 
1) stripped with collodion and mounted on 
the copper screen. Measurement of the par- 

1 WUVt.nms, B. C., nnd WyeJioff, It. W. G., Pp.oc. 
Soc. ESP. Biol. ,\.vd Med., 1045, 58, 2G5. 
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TABLE I. 


ttitlirombic Aetivitj- of Plasmas and Serums 
bom Tvro Dleumarol-treated Dogs (A and 


j % prothrombin 

1 in plasma* 

9^0 thrombin 
deterioration 
in 60 seconds 

1 

B 

Plasma 

Serum 

100 


59 

32 

(320 units 




per ml) 

100 

61 

36 



64 

43 



60 

35 


66 

67 

38 


6S 

45 


45 

00 

54 

43 

03 

53 

33 

60 

5S 

31 

68 

56 

24 

02 

5S 


* Two-stage titration.* 


TABLE II. , 

-SLiititlirombio Activity of " p, J 
Stages Paring Spontaneous Clotting. 


Time after 

collection 
of blood, min 


cfc prothrombin* 


% thrombin 
deterioration 
in 60 sec. 


Immediately 

3 

5 

7t 

9t 

lit 

lot 


100 

(305 units per ml) 
08 
52 
36 
21 
3 
1 


61 

53 

48 

44 

40 

33 

33 


* Two-stage titration." 

t Pibrinogen-free. 


set aside lor development of serum. Table I 
shows the antithrombic activity of compar- 
able plasmas and serums from 2 dogs. If 
antithrombic determinations had been made 
on serums alone, the evidence would suggest 
more antithrombin in serums from the low 
prothrombin samples than in serums from 


the high prothrombin samples. From study 
of the oxalated plasmas alone, no difference 
was seen. 

Somewhat similar results are noted in the 
following experiment (Table II). Fifty 
milliliters of normal dog blood were collected; 
at intervals 4.5 ml were added to 0.5 ml of 
1.85% potassium oxalate. Clotting began 
at about the sixth minute; thus the last 4 
specimens were fibrinogen-free. It would 
seem that serum has an antithrombic activity 
varying inversely with the amount of throm- 
bin to which it has been exposed during clot- 
ting. 

If this is correct, addition of sufficient 
thrombin to plasma should simulate the ef- 
fect of spontaneous clotting. One milliliter 
of oxalated plasma was mLxed with 1.0 ml 
of 500 units per milliliter thrombin. In 2 
hours no thrombin was demonstrable. After 
appropriate dilution the antithrombic activity 
of this solution was less than that of con- 
trol serum; thrombin-treated plasma, 14% 
inactivation in 60 seconds; serum, 30% 
(Fig. 1). 

Simviary. A method of estimating the 
rate of natural antithrombic activity is sug- 
gested. When this method was used, dog 
plasma, regardless of the prothrombin level 
after dicumarolization, seemed to e.xert about 
the same antithrombic activity. On the other 
hand, dog serum antithrombin tended to van' 
inversely with the prothrombin content of its 
original plasma, and serum obtained from 
blood containing little prothrombin was anti- 
thrombic to about the same e.xtent as plasma. 
These observ-ations suggest that antithrom- 
bic activity be determined on plasma unless 
due consideration is given to the antithrom- 
bic activity already performed by serum. 
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Seconds after addition of thrombin 
Pig. 1 . 

Deterioration of tlirombin added to diluted serum or plasma. 


that it inactivates 1 unit of thrombin in 4 min- 
utes. Astrup and Darling, adding an excess 
of thrombin to a small amount of plasma, 
await maximal inactivation before measur- 
ing the residue. By both methods no dif- 
ference in the antithrombic activity of serum 
and plasma was detected, in spite of the fact 
that serum inactivates about 300 thrombin 
units per milliliter in its development. 

In an attempt to increase the sensitivity 
of measurement of thrombin inactivation, the 
following method was devised. Serum or 
oxalated plasma is diluted tenfold with buf- 
fered saline solution (1 part isosmotic imid- 
azole buffer,® 9 parts 0.9% sodium chlo- 
ride). To 1.0 ml of this solution is added 
O.I ml of thrombin (11 units per milliliter), 
to make a final thrombin concentration of 
1 unit per milliliter. In the case of plasma, 
fibrin begins to form in 20 to 30 seconds; 
sharp agitation of the tube clumps the fibrin 
and prevents its obscuring the final step. 
Exactl}^ 60 seconds after the addition of 
thrombin, and in some cases at intervals 
thereafter, 0.4 ml of the solution is added to 
0.1 ml of 0.5% buffered fibrinogen solution, 
and the coagulation time is determined. The 

5 Astrup, Tagc, uud Darling, Sven, Act<i physiol. 
Scandinav., 1942, 4 , 293. 

c Mertz, E. T., and Given, C. A., Peoc. Soc. Exp. 
Bion, Axn JtED., 1940, 43, 204. 

V Warner, E. D., Brinkhous. K. if., and Snntli, 

H. P., Am. Jr. Physiol., 1030, 114 , 667. 


amount of residual thrombin is calculated by 
comparison of the dot times with the times 
found for dilutions of thrombin with buffered 
fibrinogen solutions (Fig. 1). 

Tests were performed at 24° to 26°C. 
Parke-Davis beef thrombin and Armour’s 
Fraction I (fibrinogen) were routinely em- 
ployed, but were checked against homologous 
preparations, with negligible variation in the 
results. 

Bj‘ the use of this method it was found 
that o.xalated plasma (diluted 1:10) from 
12 normal dogs inactivated about 60% (40 
to 82) of the added thrombin in 60 seconds 
(Fig. 1). Serum (diluted 1:10) from the 
same blood samples inactivated about 25% 
(14 to 38) in 60 seconds. O-xalation of the 
serum, or preliminary defibrination of the 
plasma bj- the addition of only a fraction 
of a unit of thrombin, altered the results onl,v 
slightJj'. The significance of the amount of 
thrombin deterioration may be estimated 
from this e.xperiment; a 1:2 dilution of pooled 
normal dog serum inactivated 81% of added 
thrombin in 1 minute: 1:3 scrum, 67%; 1:4 
serum, 50%; 1:5 serum, 39%: 1:6.7 serum, 
28%; 1:10 serum. 23%; 1:20 serum, 10%; 
J;40 serum. 7%; and l.TOO serum, trace. 

To e.vamine the serum-plasma difference 
further, dicumaro! was administered intra- 
venously to dogs; blood samples were col- 
lected periodically. Along with each sample 
preserv'ed by oxalate, another specimen was 
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TAB1.B I. 


Kidney Alkaline Phosphatase Determinations in Normal Hats and in Alloxan Diabetes. 
Kesults Expressed as mg Plios'phorus Released per Gram Tissue Solids per Hour. 


Normals 


Alloxan diabetics 


■ Eat No.* 

Time after 
alloxan, 
daj-s 

Blood sugar, 
mg % 

mg PI 

Eat No.* 

mgPt 

la 

20 

8a 

7 

— 

2.0 

2 

25 

8b 

7 

— 

1.7 

3 

17 

9a 

11 

— 

5.1 

4a 

G2 

10 

12 

500 

1.9 

4b 

GG 

lit 

21 

— 

27-48 

5a 

33-45 

12t 

21 

G02 

10-14 

5b 

47-CG 

13t 

21 

012 

12-21 

G 

22-34 

14a 

42 

7G4 

12-17 

7 

27-45 

14b 

42 

7G4 

13-17 


* Nos. with a or 6 indicate assays of individual kidneys. Other numbers refer to pooled 
kidney analyses. 

t Whero 2 figures are given, the first is the result obtained without added 3Xg; the second 
with added Mg. Where only one figure is given, no Mg was added. 

t Animals 11, 12, and 13 received no insulin. Others of this alloxan-treated group received 
2-3 units per day until 3-4 days before animals were sacrificed for analysis. 


TABDE II. 

Eat Kidney Alkaline Phosphatase Determinations in Experimental Hj'po- and Hj'perglycemia 
Expressed as mg P Released per g Tissue Solids per Hour. 


Hypoglycemics 



Hyperglycemies 


Eat No.* 

Blood sugar, 
mg % 

mg Pt 

Bat No.* 

Blood sugar, 
mg % 

mg Pt 

15a 

33 

20-50 

17a 

800 

2.5-4.5 

15b 

33 

32-49 

17b 

800 

23-38 

10 

40 

20-41 

18 

1024 

23-37 




19 

888 

23 




20a 

812 

27-40 




20b 

812 

27 


* and t have the same meaning indicated in Table I. 


to provide data for calculating the dry weight 
of the portion e.xtracted. Aliquots weighing 
30 to 80 mg were e.xtracted for 24 hours at 
4°C in S ml distilled water. The extract used 
for phosphatase assay was freed of the resi- 
due b}" centrifugation. 

Incubation of enzyme with substrate. The 
substrate consisted of sodium /8-gl}Ter.o-phos- 
phate (concentration 0.5%)'* at a pH of 8.6 
with and without the addition of 0.009 M 
MgCin. The incubation of the filtrate with 
the substrate and the determination of the 
inorganic phosphorus liberated were carried 
out according to the procedure described by 
Shwachman.* In the present study, the 
amount of phosphorus hydrolyzed was related 
to tlie dry weight of the tissue. 


< Shw.iclmmn, H., J, fed., 1041, 10, 38. 


The average variation in phosphorus liber- 
ated by different aliquots of the same en- 
zyme sample for 13 consecutive pairs of 
samples was 4%; the range for all but one 
was 0-Gfo, the exception being 14%. The 
average variation between the extracts of the 
2 kidneys when determined separately was 
11.9% for 7 pairs, with a range of 0.8 to 
25%. The values of phosphatase activity 
obtained with added magnesium plotted 
against the values without magnesium showed 
a linear relationship, corresponding to the 

activity with Mg 

ratio =17, 

activity without Mg 

Jlistochcmical methods employed. After 
fixation of the tissues in cold 80% alcohol 
and subsequent imbedding in paraffin, the 
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sections were incubated at 37°C in glycero- 
phosphate at pH 9.4 for 3 and 6 hours ac- 
cording to Dempsey and Deane’s modification 
of Gomori’s method.^ Hematoxylin eosin 
preparations were also made from the same 
blocks. 

^ Results. The results on the normal and 
alloxan diabetic rats are presented in Table 
I, and those on the hypo- and hyperglycemic 
rats in Table II. The normal rat kidneys 
released an average of 36 mg P per g of tissue 
per hour. When the abnormally high results 
on the kidneys of rat No. 4 were excluded, 
the average was 28 without Mg, and 47 
with Mg. All but one of the alloxan diabetic 
rats had abnormally low phosphatase activity. 
Those sacrificed 7 to 12 days after alloxan 
administration had activities of 5 or less; 

3 of the 4 rats allowed recovery periods of 
21 to 42 days had activities of 10-13 without 
Mg, and 14-21 with Mg. Rat No. 11 had a 
normal phosphatase activity 21 days after 
the alloxan administration. All of the rats 
whose blood was analyzed showed marked 
hyperglycemia. 

Neither hypoglycemia nor hyperglycemia, 
maintained for the relatively short periods of 
our e-xiieriments, had any demonstrable effect 
on the phosphatase activity of the kidneys 
(Table II). 

•^here were no qualitative histochemical 
differences in alkaline glycero-phosphatase 
between the kidneys of normal and of acutely 
hyperglycemic and hypoglycemic animals. 
However, in the rats given allo.xan 1 to 6 
weeks before autopsy, there was a greatly 
reduced amount of phosphatase in the epi- 
thelium of groups of proximal convoluted 
tubules in which the cells were flatter and 
less eosinophilic than average. These tubules 
were particularly numerous in the subcap- 
sular region and unquestionably represented 
regenerated tubules that had replaced those 
damaged by alloxan. In addition, small 
formless intratubular masses were present in 
the medulla. These masses were stained by 
hematoxylin and were frequently covered by 
epithelium. They appeared to consist of ne- 

5 Dempsey, E. W., and Deane, H. W., J. Cell. 
Comp. Physiol., lOiG, 27, 139. 


erotic and calcified chimps of epithelium -..d 
were more common in the kidneys of ra 
killed soon after receiving the dose of alloxar 
than in rats killed later. 

recent paper® reports a drop in the phos- 
phatase content of the kidney in 6 to 72 
hours after administration of alloxan, which 
it ascribes to renal damage. Bennett and 
Behrens' have shown that the ele\'ation in 
non-protein nitrogen following alloxan is 
roughly proportional to the dose, is inde- 
pendent of hyperglycemia, is not altered by 
insulin, and may persist for as long as 31 
to 34 days after administration of the drug; 
and further, that it is correlated with the 
“histopathological” changes in the kidneys. 
Breedis, Florey and Furth® have reported 
that, following administration of a nephro- 
toxic agent, such as uranium nitrate, the re- 
appearance of phosphatase in the regenerat- 
ing tubules is slow, not attaining a normal 
value in 25 days. In the present study, 1 
of 3 rats e.xhibited a normal amount of phos- 
phatase after 21 days, a fourth e,xamined 
after 42 days still showed a low phosphatase 
activity. 

Summary. 1. The alkaline phosphatase 
activity of the rat kidney, which reflects prin- 
cipally the enzyme content of the proximal 
convoluted tubules, could not be changed 
from the normal by varying tlie amount of 
glucose for reabsorption over periods of 6 
to 12 hours. 

2. The kidneys of rats suffering from 
chronic allo.xan diabetes as a rule contained 
less than normal amounts of alkaline phos- 
phatase. The lowest values were obtained 
ivhen first e.xamined one week after the dose 
of alloxan, but recovery of a normal content 
was not complete when the last examination 
ivas performed after 42 da3'S. The pro.ximal 
convoluted tubule epitlielium that had re- 
generated after the alloxan injun,' was thus 
observed to be slow in acquiring its normal 
enz^mie content. ^ 

c Jlentoii, At. L., J.moucli, JI., Pr.oc. Soc. Exp. 
Biol, and SrEO., 104G, OS, 33. 

"Boniiett, L. L., and Bclircns, T., Paoc. i?oc. 
Exp. Bioh. a.vd 3Ied., I£)4C, 02, 5. 

s Brccdi?, C., Elorey, C. il., .and Fiirlli, .T., Arch. 
Path., 1513, SO, 402. 
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Side Reactions to Pyribenzaniine Medication. 
Spencer F. Brown. (Introduced by W. R. Ingram.) 

From ihe University of Iowa. 


A number of recent publications have dealt 
with the use of the new anti-histaminic drugs, 
and more are appearing every month. Most 
of these articles mention various side effects 
encountered, but to date the author has seen 
no reports of controlled observations of such 
side effects. The following data regarding 
pyribenzamine may therefore be of interest. 

All the patients who were studied were 
receiving injections of typhoid vaccine, and 
the effect of pyribenzamine upon their re- 
actions to the vaccine will be reported else- 
where. .At the time of administration of the 
vaccine, each patient was given either pyri- 
benzamine (PBZ) tablets or indistinguish- 
able placebos,* with instructions as to dos- 
age. Forty-eight adults were on 100 occa- 
sions given five 50-mg PBZ tablets with in- 
structions to take one tablet at once, one 
every 4 hours throughout the day, and one 
tablet the following morning. Forty-nine 
subjects were on 102 occasions given place- 
bos with the same instructions. Thirty- 
seven subjects on 56 occasions were given 
ten 50-mg tablets of PBZ with instructions 
to take 2 tablets at a time instead of one. 
Each subject had a report sheet on which he 
was asked to indicate whether or not he had 

TABLE I. 


percentage Oocnrreiice of Side Effects. 


Symptom 

Five 50-mg 
PBZ 
f.iblets 
in 24 hr 
(N = 100) 

Ten 50-mg 
PBZ 
tablets 
in 24 lir 
(N = 50) 

Placebos, 

5 in 24 hr 
(N = 102) 

Drowsiness 

37 

4S 

30 

Headache 

20 

30 

42 

Nausea 

17 

23 

S 

Dizziness 

24 

41 

15 

Nervousness 

13 

21 

15 

Dryness of mouth 20 

4.7 

30 

Insomnia 

12 

23 

G 


» Tlie pyribenzamine and placebos used were 
supplied by the Ciba Pharmaceutic.al Companv, 
Summit, N..T. 


experienced anj' of the symptoms listed on 
the sheet. The accompanying table shows 
the percentage occurrence of the symptoms 
in the 3 groups of subjects. 

These data indicate that the smaller dose 
of PBZ used here, which is the dose most 
frequently used in treating allergic condi- 
tions, has a negligible effect in producing the 
stated symptoms, all of which have been 
ascribed to PBZ medication. For e.xample, 
drowsiness is the most commonly reported 
side reaction to PBZ, but the administration 
of 250 mg in 24 hours gave an incidence of 
drowsiness of only 37% as compared with 
30% for placebo medication. The 2 patients 
who were bitter in their complaints of drowsi- 
ness both received placebos. Nausea, dizzi- 
ness, and insomnia were somewhat more fre- 
quent in the 2 50 mg group as compared with 
the controls. Headache was less frequent, 
and nervousness and dryness of the mouth 
were apparently equally frequent in both 
groups. Doubling the dose of PBZ was ac- 
companied by a definite increase in the in- 
cidence of symptoms, but headache was still 
less frequent than among the controls. 

These data indicate the importance of us- 
ing controlled studies in evaluating the side 
reactions, as well as the therapeutic effects, 
of a new drug. 

Summary. A controlled stud}’' was made 
of side reactions to P3'ribenzamine. Five 50- 
mg tablets were given over a 24-hour period 
to 48 subjects; some subjects were used 2 or 
3 times, and the total number of times the 
drug was given was 100. Placebos were 
given to 49 subjects a total of 102 times. 
The dosage of pyribenzamine was doubled 
in 37 other subjects on 56 occasions. Ner\’- 
ousness, drxmess of the mouth, and headache 
were more frequent in the control group as 
compared with the smaller dose group of 
pyribenzamine. Drowsiness, nausea, dizzi- 
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ness and insomnia were less frequent in the 
control group. All side reactions mentioned 
occurred more frequently when the dose of 
pyribenzamine was doubled. 


This study was prepared .at tValter Heed Genct.al 
Hospital while the author was in the Army Medical 
Corps. 
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Protective Action of Vitamins C and P Against Dicliloroplienarsine 
Hydrochloride (Clorarsen). 

Frances J. Friend and A. C. Ivy. 

From the Department of Fhysxotogy, Northwestern University, and the Department of Clinical 
Science, University of Illinois, Chicago. 


This Study was undertaken specifically to 
ascertain whether the use of vitamins C and 
P in combination would protect against the 
acutely toxic effect of intravenously injected 
dichlorophenarsine hydrochloride in mice. It 
was thought that if these vitamins exerted a 
favorable effect on capillary fragility it might 
be demonstrated by the manifestation of a 
decrease in the acute to.xicity of arsenic, since 
arsenic is a potent capillary poison. 

The literature dealing with decreased cap- 
illary resistance as one of the toxic mani- 
festations of antisyphilitic therapy has been 
reviewed by Horne and Scarborough.^ The 
apparently protective action of vitamin C 
against the toxicity of arsenicals has been 
commented on by several groups of au- 
thors.-’^’"* Scarborough and Stewart have re- 
ported that vitamin P (hesperidin) treatment 
increased capillary resistance in erythema and 
dermatitis due to arsenic and bismuth.^ 

Goldforb® suggested that the vitamin in 


1 Horne, G., and Scarborough, H., Lancet, 1940, 
2, CG. 

2 Sulzberger, M. B., and Oser, L. B., Proc. Soc. 
Exp. Biol, and Med., 1935, S2, 716. 

SBundosea, H. K., Aron, H. C. S., Groenbaum, 
B. S., Farmer, C. J., and Abt, A. F., J. Am. Med. 
ASS71., 1941, 117, 1692. 

4 McChesney, B. W., Barlow, 0. W,, and Klinck, 
G. H., J. Fharm. and Exp. Therap., 1944, SO, SI. 

5 Scarborough, H., and Stew.art, C. P ., Lancet, 
1938, S, GIO. 

CGoldforb, A. E., Arch. Dcrmat. and Syph., 
1941, 43, 536. 


the form of aqueous extracts of whole lemon 
might prevent arsenical encephalopathy in 
patients receiving intensive arsenical therapy. 
And, Goldstein, Stalman and Goldforb' found 
that treatment with the methyl chalcone of 
hesperidin decreased the mortality of a stand- 
ard dose of mepharsen in rabbits from 90 to 
57%, a difference that was of questionable 
significance (X = 2.9). 

In a preliminary study on groups of control 
and treated mice (Table I), it was found that 
vitamin C alone (2.2 millimoles per millimole 
of dichlorophenophenarsine hydrochloride) 
had a favorable, but not statistically signifi- 
cant effect. The same ivas true when similar 
groups of mice were treated with hesperidin 
methyl chalcone alone ( 1 mg each daily for 9 
days previous and 3 dai's following the in- 
jection of the arsenical). 

For these reasons it was decided to in- 
vestigate the protective effect of a combina- 
tion of these two substances on the acute 
to.xicit}' of a standard dose of intravenously 
administered dichlorophenarsine hydrochlor- 
ide. 

Method. Adult female white mice, weighing 
from 17 to 24 g (average weight, 21 g apiece 
in each group) maintained on a diet of Purina 
Checkers plus lettuce were used. Injections of 
dichlorophenarsine hj’drochloride (clorarsen, 
Squibb) dissolved in saline were made into 
the tail vein, and all animals were observed 
for 3 da.vs after injection, since those not 

TGoMstein, D. H., St.ilm.an, A., and Goldforb, 

A. E., Science, 1943, 08, 245. 
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killed by the arsenical in that length of time 
were eating well. _ 

In the treated animals, vitamin P was ad- 
ministered as purified methyl chalcone of 
hesperidin. This substance was kindly made 
available by Dr. W. Biehm, iMedical Director 
of Abbott Laboratories. When uncertainty 
existed regarding whether all the arsenical 
was actually gotten into the vein, the mouse 
in question was discarded from the series. 

The Control Groups. All mice whether in 
the control or treated groups received a dose 
of 27 mg of dichlorophenarsine hydrochloride 
per kilo of body weight. This dose was used 
because preliminary experiments indicated 
that it approximated an L. D. 85 dose of the 
arsenical when injected into the tail vein. 

The Treated Groups. These groups received 
a daily subcutaneous dose of 1 mg apiece of 
methyl chalcone of hesperidin in saline each 
day for 9 days previous to and 3 days follow- 
ing the injection of the above dosage of di- 
chlorophenarsine hydrochloride which also 
contained 2.2 millimoles of ascorbic acid per 
millimole of dichlorophenarsine hydrochloride. 
The dosage of ascorbate was chosen for con- 
venience and because the observations of 
^IcChesney, Barlow and Klinck^ have indi- 
cated that it confers protection. The dose of 
vitamin P represented an average dose of 
47,6 mg of vitamin per kg of body weight per 
day and was chosen arbitrarily. It is 36% 
greater than the dose used by Goldstein and 
his associates.' 

Results. The results on the different control 
and treated groups are shown in Table I. 
It is to be noted that in each of the 5 groups 
of tests the treatment provided a significant 
protection except in the case of Group 4. It 
should also be noted that there is a difference 
in the results obtained in Groups I and II, 
as compared with those in Groups III, IV, and 
V. This may be attributed to the fact that 
different lots of both the vitamin and arsen- 
ical were used. Unquestionably the second 
lot of the arsenical was more toxic than the 
first lot. 

Discussion. It is possible that if more mice 
had been used ascorbic acid alone or hesperi- 
din methyl chalcone alone would have yielded 
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a statisticallj' significant favorable result. 
However, a substance to counteract an acute- 
ly letlial dose of a substance must act rapidly 
as well as be potent. On the contrary, Horne 
and Scarborough found ascorbic acid to be 
ineffective and hesperidin to be effective in 
the treatment of a patient with arsenical pur- 
pura.^ Gorrie® has also reported hesperidin to 
be effective in the treatment of arsenical pur- 
pura. 

Although we were not interested in devising 
a method for the assa}”^ of vitamin P, it is 
possible that our observations may be stiffi- 

S Gorric, D. E., Lancet, 1940, 1, 1005. 


ciently consistenltofe 

opment of a nicthod io. 
p" active substances, 

These results wouWk 
be advisable to 
abundant source of v® 
se\'eral days prior to act 
with arsenicals. 

Cotichisioiis. .Ascorbic at 
methyl chalconc when 
therain' afforded a definilef 
against the to.vic effect oi * 
intravenously administered >> 
hydrochloride. 
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Antibacterial Properties of 4-Amino-2-Methyl-l-Nnphthol Hydrerf 

Gregory SHWAKTZjrAN. 

From the Division, of Bacteriology, Laboratories of the .Vonitf Sinai Bospitai, .loi 


As previously reported^ pjTido.\'amine ac- 
quires antibacterial potency following irradia- 
tion at suitable wavelength and pH. Lack of 
activity in irradiated and non-irradiated solu- 
tions of pyridoxine, dimer and trimer of 
pyridoxine,t pyridoxal and a number of pyri- 
dine and benzene derivatives demonstrated 
that the presence of an amino and one or two 
hydroxyl substituent groups is an essential 
prerequisite for the development of antibac- 
terial activity. It was tentative!}' assumed that 
the antibacterial factor may be an intermed- 
iate product of oxidation,* Accordingly, it 
seemed to be of particular interest to deter- 
mine the antibacterial potency of 4-amino- 
2-methyl-l-naphthoI hydrochloride (i.e. water 
soluble derivative of vitamin K, Synkamin of 


* Tliis investigation Jias been supportcci by 
grants from tbe Commonwealth Fund and The 
ISTational Vitamin Foundation. 

t The author is thankful to Dr. John V. Seudi 
for a supply of this compound. 

1 Shwartzman, G., and Fisher, A., J. Biol Chem., 
1947, 167, 345. 

t Possibly due to the formation of a lactam 
ring between the amino and hydrox-yl groups 
following the elimination of a molecule of water. 


Parke, Davis) in view of the 
amino substifuent group 
with which the compound undergo 
tion. The resulls of the studies mo - 
ized below: 

Soiulions of Synkamin having flio 
antibacteriai potency were prepared, * 
lows: 

Tenth norma! HC! solution was aiitoc 
and cooled to 37°C prior to use. Pu'' 
Svnkamin powderf and sodium bisulfite^ 
dissolved in concentrations of 3 and 0.5 
per ml, respectively- Immediately after pn 
aration the solution was sealed with vase»> 
and stored in the refrigerator. 

As mav be seen from Table I, Synkanui 
solution prepared as above proved strongly 
bacteriostatic against gram positive organisms 
fn broth and gram negative faac.lh Glad- 
stone synthetic medium. Among t},e few 
strains tested, staphylococci strain H and 

iZmococcns, type I were highly susceptible, 
^lZ staP/n-/oc0ceus hemoUUcus was refrac- 
m^y be also noted from the same 

A. 

■ Parke, Davis and Compan}. 





'^I.vtibacteriai, Activity of 4-AMiNO-2-]METiiyi:.-l-XAPiiTHOL 
_ TABLE I. 

■ of Synkamin in y /10 nCl Contrtinini; 0.05% yallSOa, Scaled ■'vitli Vnsclinc. 


377 


■-•yA'.’/iie- 

i'-o; 


PjOfRani.sm tested 


Minima) amount o£ Synitamin 


Mccus, Strain H 


J irdchccus hcmoluiicus, Strain S70 
T^-pe I 

: j. b Strain 42 

'i-' f£tVi ') Strain 42 





'^gwoccus, Group 1 


Medium 

Complete 

inhibition 

25 to 50% 
inhibition 

Broth 

1.5-2 y 

1 7 

i i 

2.5 y 


Gladstone sj-nthctic medium 

3 y 

2 7 

>> *9 99 

2.5 y 

1 7 

99 99 99 

1.5 'y 

0.8 7 

99 99 99 

99 99 99 

2.5 V 

35 'y 

1.5 7 

Broth 

— 

— 

Sj-nthetic medium^ 

Broth 

0.75 7 
2,5-3 7 



Xo inliiliition OTth 100 7 of S}-nkamin. 
^st'e 


^0 composition of Gladstone syntlictie medium and methods of determination of baetcrio- 
ictivity and tiie size of inocula ■vvero the same as previously descril>ed.i 


rr , additional experiments not recorded 

negative bacilli (with the 
of B. fricdlauderi, type A.) were 
p^tdly susceptible to Synkamin. All the 
negative bacilli tested were resistant 
‘1*^6 compound in broth, suggesting the 
'^nce of an antagonistic factor in this 
The antagonistic effect of broth was 
pronounced with meningococcus, type I, 


IV/.- /| 

p:(^ 

llH 

ric 


It; 


Organism being approximately only 4 


'“••I more susceptible in synthetic medium 
p’m broth. In addition to broth, casein 
"iiolysate and blood serum proved antag- 
^isiic to the activity of Synkamin against 
colt. Various concentrations of the sub- 
-lances were added to Gladstone synthetic 
®sdium containing different amounts of Syn- 
^rnmin. The mixtures were inoculated with 
colt, strain 42. There was obtained SO^o 
reversal of the antibacterial activity in the 
following ratios of dry weights, namely, one 
part of Synkamin to 125 parts of casein 
hydrolysate, 65 parts of mouse serum and 50 
parts of rabbit serum. It remains as yet un- 
known whether staphylococcus would show 
greater susceptibility in synthetic medium 
than in broth. Ko reversal of antibacterial 
activity was noted following the addition of 
casein hydrolysate and scrum to broth cul- 
tures of staphylococcus, strain H. The nature 
of the factor antagonizing inhibition of E. 


2 if’ranlz, I. D,, .f, Uaef., 1042, -13, 


colt was not yet identified. 

The ex-periments about to be described were 
done in order to determine the effect of oxida- 
tion by air upon the antibacterial activity of 
Synkamin. The preparations were tested 
against E. coU in Gladstone synthetic medium 
and staphylococcus, strain H in broth. Solu- 
tions of Synkamin in N/10 HCl, in concen- 
tration of 3 mg per ml with and without 
vaseline seal were stored in the dark at 4‘’C. 
Twenty-four to 48 hours following prepara- 
tion there occurred a 25^ loss of activity in 
the non-sealed preparation. The titer remained 
stationary during the following 6 days. There 
was almost complete loss of activity 10 days 
following preparation. In the vaseline sealed 
preparations the titer was unchanged for the 
entire period of observation, i.e. 3 to 4 weeks. 

Immediately upon preparation solutions 
containing 3 mg of Synkamin and 1 mg of 
sodium bisulfite in N/10 HCI gave complete 
inhibition of E. coU in concentration of 2-3 y 
of Synkamin per ml of synthetic medium. On 
exposure to air for 4 days at 4'=’C there oc- 
curred a 25% loss of activity. On the other 
hand, addition of 2 mg of sodium bisulfite to 
3 mg of Synkamin produced an immediate 
40% decrease of activity which was complete- 
ly restored on air e.xposure at 4°C for 4 days 
The effect of the reducing substance upon tlie 
activity of Synkamin against staphvlococcu/: 
strain H was not as clear-cut, possibiv in view 
of the interference of broth with the reduction 
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a statistically significant favorable result. 
However, a substance to counteract an acute- 
ly lethal dose of a substance must act rapidly 
as well as be potent. On the contrary, Horne 
and Scarborough found ascorbic acid to be 
ineffective and hesperidin to be effective in 
the treatment of a patient with arsenical pur- 
pura.^ Gorrie® has also reported hesperidin to 
be effective in the treatment of arsenical pur- 
pura. 

Although we were not interested in devising 
a method for the assay of vitamin P, it is 
possible that our observations may be suffi- 

S Gorrie, D. K., Lancet, 1940, 1, 1005. 


ciently consistent to be utilized for the dew - 
opment of a- method for the assay of vitamin 
P active substances. 

These results would indicate that it ^Y0uld 
be advisable to provide patients with an 
abundant source of vitamin P and C for 
several da3^s prior to and during treatment 
with arsenicals. 

Conclusions. Ascorbic acid and hesperidin 
methyl chalcone when used as a combined 
therap}^ afforded a definite protection in mice 
against the to.vic effect of a single dose of 
intravenously administered dichloroplienarsine 
hydrochloride. 
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Antibacterial Properties of 4-Amino-2-Methyl-l-Naphthol Hydrochloride.* 

Gregory Shwartzman. 

From the Division of Bacteriology, Laboratories of the Mount Sinai Dospitai, Kew Tori: CHy- 


As previously reported^ pjTidoxamine ac- 
quires antibacterial potency following irradia- 
tion at suitable wavelength and pH. Lack of 
activity in irradiated and non-irradiated solu- 
tions of pyridoxine, dimer and trimer of 
pyridoxine,t pyridoxal and a number of pyri- 
dine and benzene derivatives demonstrated 
that the presence of an amino and one or two 
hydroxyl substituent groups is an essential 
prerequisite for die development of antibac- 
terial activity. It was tentatively assumed that 
the antibacterial factor may be an intermed- 
iate product of oxidation.! Accordingly, it 
seemed to be of particular interest to deter- 
mine the antibacterial potency of 4-amino- 
2-methyl-l-naphthol hydrochloride (i.e. water 
soluble derivative of vitamin K, Synkamin of 


* This investigation lias been supported by 
rrants from tlie Commonwealth Fund and Tlie 
National Vitamin Foundation. 

t The author is tlianhful to Dr. John V. Seudi 
•or a supply of tins compound. ^ 

1 Shwartzman, G., and Fisher, A., J. Btoh Chem..^^ 

1947, 107, 345. ' 

t Possibly due to the formation of a 
-ing between the amino and hydro.vyl 
following the elimination of a molecule of watei. . 


Parke, Davis) in view of the presence of an 
amino substituent group and the readiness 
with which the compound undergoes oxida- 
tion. The results of the studies are summar- 
ized below: 

Solutions of Synkamin having the highest 
antibacterial potency were prepa • ’ 
lows: . 
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TABLE I. 

Effect of SjuRamin in N/10 HCl Containing 0.05% NaHSO^, Sealed vath Taseline. 


Organism tested 

yiedium 

Slinimal amount of Synkamin 

Complete 25 to 50% 

iniiihition inhibition 

Staphylococcus, Strain H 

Broth 


1.5-2 7 

1 7 

Streptococcus hemolpticus, Strain 870 



— 

— 

Pnonmococcus, Type I 



2.0 7 


E. coli, Strain 42 

Gladstone synthetic medium 

3 7 

2 7 

” ” ” L 

77 77 

; 7 

2.5 7 

1 7 

S. iinns 

77 7 7 

7 7 

1.5 7 

O.S 7 

S. paratyphi B. 

77 77 

7 y 

2.5 7 

1.5 7 

S. fricillanHeri, Type A 



35 7 


E. coli, Strain 42 

Broth 


— 

— 

S. hinns 

77 


— 

— 

Sleningococeus, Group I 

Synthetic mediuma 


0.75 7 


7) 7777 

Broth 


2.5-3 7 



— = Xo inlubition Tvith 100 7 of SsTikamin. 

The composition of Gladstone synthetic medium and methods of determination of bacterio- 
static activity and the size of inociila were the same as previously described.! 


table and additional experiments not recorded 
in the table, gram negative bacilli (with the 
e.\-ception of B. jriedlandcri , type A.) were 
markedly susceptible to Synkamin. All the 
gram negative bacilli tested were resistant 
to the compound in broth, suggesting the 
presence of an antagonistic factor in this 
medium. The antagonistic effect of broth was 
less pronounced with meningococcus, type I, 
the organism being appro.ximately only 4 
times more susceptible in synthetic medium 
than in broth. In addition to broth, casein 
hydrolysate and blood serum proved antag- 
onistic to the activity of Synkamin against 
E. colt. Various concentrations of the sub- 
stances were added to Gladstone synthetic 
medium containing different amounts of Sym- 
kamin. The mixtures were inoculated with 
E. coli, strain 42. There was obtained 50% 
reversal of the antibacterial activity in the 
following ratios of dry weights, namely, one 
part of Synkamin to 125 parts of casein 
hydrolysate, 65 parts of mouse serum and 50 
parts of rabbit serum. It remains as yet un- 
known whether staphylococcus would show 
greater susceptibility in synthetic medium 
than in broth. Xo reversal of antibacterial 
activity was noted following the addition of 
casein hydrolysate and serum to broth cul- 
tures of staphylococcus, strain H. The nature 
of the factor antagonizing inhibition of E. 

" Fr.intz, I. D., J. Pact., 1942, -J3, 757. 


coli was not yet identified. 

The experiments about to be described w^ere 
done in order to determine the effect of o.xida- 
tion by air upon the antibacterial activity of 
Synkamin. The preparations w'ere tested 
against E. coli in Gladstone synthetic medium 
and staphylococcus, strain H in broth. Solu- 
tions of Synkamin in X/10 HCI, in concen- 
tration of 3 mg per ml w’ith and -ndthout 
vaseline seal were stored in the dark at 4°C. 
Twenty-four to 48 hours following prepara- 
tion there occurred a 25% loss of activity in 
the non-sealed preparation. The titer remained 
stationary during the following 6 days. There 
w'as almost complete loss of activity 10 days 
following preparation. In the vaseline sealed 
preparations the titer was unchanged for the 
entire period of obseri'ation, i.e. 3 to 4 weeks. 

Immediately upon preparation solutions 
containing 3 mg of Sjmkamin and 1 mg of 
sodium bisulfite in N/10 HCl gave complete 
inhibition of E. coli in concentration of 2-3 y 
of Simkamin per ml of synthetic medium. On 
exposure to air for 4 days at 4°C there oc- 
curred a 25% loss of activity. On the other 
hand, addition of 2 mg of sodium bisulfite to 
3 mg of Synkamin produced an immediate 
40% decrease of activity which was complete- 
ly restored on air e.xposure at 4°C for 4 davs. 
The effect of the reducing substance upon the 
activity of Synkamin against staphylococcus, 
strain H was not as clear-cut, possibly in view 
of the interference of broth with the reduction 
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Additional experiments are under progress in 
order to investigate this relationship. 

Additions of cystine, 1 mg, methionine, 3 
mg, and methionine sulfoxide, il 5 mg, to 3 
mg of Synkamin in N/10 HCl, per ml failed 
to antagonize the effect of Synkamin upon- 
E. coU, strain 42 and staphylococcus, strain 
H. 

It is obvious from the above e.xperiments 
that the antibacterial activity of Synkamin 
described is intimately related to air oxida- 
tion. Excessive oxidation brings about loss of 
activity. Reduction with sodium bisulfite 
results in reversible decrease in potency which 
is restored on exposure to air. It is suggestive 
that the antibacterial activity of Synkamin 
is due to an intermediate state of oxidation 
by air which possibly takes place immediately 
upon dissolving the substance. The anti- 
bacterial potency can be maintained at a 
constant level by timely exclusion of air from 
an oxidized solution or by additional oxida- 
tion of a reduced solution. 

The effect of Synkamin was compared with 
that of 2 other water soluble derivatives of 
vitamin K, sodium-2-methyl-l,4-naphtho- 
quinone diphosphate (Synkayvite, Hofimann- 
La Roche) and 2-methyl-l,4-naphtho-hydro- 
quinone-3-sodium-sulfonate (Hykinone, Ab- 
bott) .H The solutions were made similarly to 
Synkamin, with and without vaseline seal, 
and tested against staphylococcus, strain H 
in broth and E. colt, strain 42 in Gladstone 
synthetic medium. All solutions of Synkay- 
vite were totally devoid of antibacterial ac- 
tivity against these organisms in concentra- 
tions 1-200 7 per ml. Immediately following 
preparation and following storage at 4°C, 
Hykinone showed no effect upon E. colt. After 
one week storage at room temperature the 
compound inhibited E. coH in the concentra- 

)| Kindly m.'ide available by Dr. Josepli Seifter 
of Wyeth Institute. 

H Thanlis are due to Dr. Elmer L. Sevringliaus of 
Hoffmann-LaRociie, Iiie., for a supply of Synfc.iy- 
vite and to Dr. Arnold E. Osterberg of Abbott 
Laboratories for a supply of Hykinone. 


tion of 40 7 per ml of synthetic medium. 
Staphylococcus, strain H, was completelj' 
inhibited by 10 y and partial^ inhibited by 
5 7 per ml of brotL Thus, Synkayvite 
possessed no activity under conditions de- 
scribed, while the potency of Hykinone was 
distinctly lower than that of Synkamin. The 
antibacterial effect also seems to be signifi- 
cantly greater with Synkamin than with vita- 
min R derivatives studied by previous au- 
thors,** i.e. 2-methyl-l, 4-naphthoquinone and 
derivatives containing chloro, metliyl and 
metho.xy substituent groups. 

Summary. The points of interest of the 
studies embodied in this note are as follows: 
4-amino-2-methyl-l-naphthol hydrochloride 
possesses marked antibacterial activity against 
gram positive and gram negative organisms. 

The compound is strongly eSective against 
gram positive organisms in presence of broth, 
casein hydrolysate and blood serum, and 
against gram negative organisms in synthetic 
medium. The activity against the latter or- 
ganisms is antagonized in broth medium. 
Casein hydrolysate and mouse and rabbit 
sera antagonize the antibacterial activity of 
Synkamin against E. coU in a significantly 
lesser degree than broth, namely, in dry weight 
ratios of 125:1, 65:1, 50:1, respectively. 

The presence of an amino substituent group 
and partial oxidation of the substance under 
carefully controlled conditions play an im- 
portant role in the antibacterial activity 
described. 

The author is iudebtcd to Miss Alice Pisbcr for 
capable aud accurate assistauce. 

‘♦No detailed comparison can be presented in 
this brief communication. Reports of previous 
investigations arc listed under References.s 

SFosdict, D. S., Fanclier, 0. E., and Calandra, 
I., Science, 1912, 15; Armstrong, W. D., Spbk, 

TV. W., and Kalinkc, I., Pp.oc. Soc. E.xf. Biol, an-d 
JIED., 1913, S3, 230; Wooley, D. W., Baoc. Soc. 
Bi-P. Biou XKD Med., 1945, CO, 225; Cohvoll, a., 
and McCall, M., J. Bact.. 191G, SI, C59 ; ,nn,l 
HofCraann-Ostcnliof, O., Science, lO-tT, t07, 549. 
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From the Laboratories of the Bocbefeller Institute for Medical Mesearcli, Mew YorTs City. 


Since the discovery in this laboratory^-- 
that apple pectin and certain other poly- 
saccharides inhibit the hemagglutinating 
activit}' and the multiplication of influenza A 
virus it became desirable to determine 
whether other viruses as well could be com- 
batted with such polysaccharides. A suitable 
bacteriophage acting on Escherichia coVt sug- 
gested itself as a useful S3'Stem for this pur- 
pose, not onh' because of the facility with 
which various aspects of the virus-host rela- 
tionship might be studied, but also because 
circumstantial evidence has pointed to the 
conclusion that the point of viral attack on 
the bacterium is carbohydrate in nature.® 
This latter point was attractive because the 
discovery of the effect of apple pectin in 
inhibiting influenza virus was based on belief 
in the polysaccharide nature of the cell recep- 
tor of this virus.^-® Just as in the case of 
influenza A virus, so with bacteriophage the 
host cells might be protected by supplying 
an antagonistic potysaccharide to compete 
with the receptor substance. For these rea- 
sons pectins were examined for ability to 
protect the bacterium from the phage, and 
it was found that citrus pectin was capable 
of doing this. 

To demonstrate this phenomenon, the T^ 
phage and its susceptible host strain of 
Escherichia coli were best suited.^ Inocula 
for the tests were prepared by incubating the 
strain of E. coli in a synthetic medium^ for 
2.5 hours at 37°C. At this time growth was 

* Major, Veterinary Corps, U. S. Army. 

1 Woolley, D. Green, E. H., J. Fact., 

1947, 54, C3. 

- Green, B. 11., and Woolley, D. W,, J. Lzp. Mcd.f 
1947, 8C, 53. 

3 Burnet, F. M., Koegli, E. V., and Lnsli, D., 
Australian J- Lxp. Biol, and Med. Sci., 1937, 
15. 227. 

t Wo wisli to thank Dr. S. E. Luria for trans- 
plants of those organisms. 


just plainly visible. 0.5 cc of this fresh 
jmung culture was used to seed each tube of 
the synthetic basal medium of Hook et al^ 
which was used in all of the tests, unless 
otherwise noted. The inoculum of Ta bac- 
teriophage was prepared by growing the virus 
in the susceptible strain of bacteria cultivated 
in Todd-Hewitt broth® for 20 hours at 37°C. 
The lysate was filtered through a Seitz pad 
to provide cell-free material and the filtrate 
was titered bj’- the plaque count method.'® 
Suitable dilutions were then used in the tests. 
The same phage filtrate was used throughout 
this investigation, and was maintained potent 
b}f storage at 4‘‘C. Solutions of citrus pectin 
were prepared e.\-actly as described previ- 
ously,- and no other manner of obtaining 
solutions was found satisfactory. 

When the synthetic basal medium of Hook 
ct al. fortified with 100 mg of citrus pectin 



X Au. a. 

Effect of pectin on tlie growth curves of E. colt 
m the pr esence of To b.-icterioplmge. 

4 Woolley, D. W., and White, A. G. C., J. 

Med., 1943, TS, 4S9. 

3 Hook, A. E., Ee.ard, D., T-iylor, A. E., Sharp, 
D. G., and Beard, J. W^, J. Biol. Chem., 194G 
105, 241. 

e Todd, E. W., .and Hewitt, L. F., J. Path, and 
Bact.. 1932, 35, 973. 

-Hershey, A. D., Kalmanson, G., and Bronfen- 
breniicr, J., J. Immunol, 1943, 40, 2G7. 
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T « . - TABLE I. 

Influence of Citrus Pectin on JIultiplication of E. coli and To Bacteriophage. 
After 20 Hours Incub.ation at 37 °C. 


Counts jMade 


Additions to basal medium 

Bacteria 

” + pectin 

” + phage 

” 4- pectin 4- phage 


E. coli cells Phage particles 
per ec per cc 

1 X 109 ' ~ 

1 X 10» 

0 11 X lOf 

2 X 103 u X 103 


per 6 cc was inoculated witli 10® cells and 
then with the 10® phage particles, and the 
mixture was incubated at 37° overnight, 
heavy growth of the bacteria occurred. In 
contrast, when no pectin was added, no bac- 
terial growth w'as visible. In the absence of 
pectin the virus had acted in its usual fashion 
and had lysed the host. Furthermore, the 
citrus pectin was not injurious to the growth 
of the bacteria in the absence of phage, be- 
cause multiplication of coli in tubes of me- 
dium plus pectin was equal to that in the 
basal medium without pectin. Growth curves 
of E. coli in the presence of the To phage, 
with and without citrus pectin are shoivn in 
Fig. 1. Quantitative data on the numbers 
of viable cells in experiments such as these 
will be found in Table I. 

The concentration of citrus pectin needed 
to effect this protection of the bacterial cells 
was determined by adding graded amounts of 
the substance to the basal medium which -was 
subsequently inoculated with E. coli and 
with To phage, and incubated for 20 hours. 
Sixty mg of citrus pectin per 6 cc of culture 
was the smallest quantity which would allow 
good growth of the bacteria. 

A number of polysaccharides were tested 
for ability to protect against the phage, and 
citrus pectin was found to be the most 
effective. Apple pectin at 125 mg per 6 cc 
would not allow growth of the bacteria in the 
presence of the virus when the incubation 
was for 20 hours, but in a test of 40 hours’ 
duration this substance was almost as effective 
as citrus pectin. Gum acacia (125 mg per 6 
cc?) or starch (125 mg per 6 cc) were inactive. 
This order of potency was not the same 
as that for these substances acting against 
influenza virus. In that instance Green and 

t Subsetjuent experiments siiowed tlint -10 mg 
of ocncin per G cc did exert some effect. 


Woolley® found that apple pectin was more 
active than citrus pectin in causing inhibition 
of multiplication of the virus, and that gum 
acacia had some potency. All 3 substances, 
but not starch, were inhibitors of hemag- 
glutination caused by the virus. 

The power of citrus pectin to enable E. coli 
to grow luxuriantly in the presence of its 
bacteriophage is the basic observation in this 
work. The experiments which are now to be 
outlined were performed in an effort to learn 
how this action was accomplished. 

It was first necessary to ascertain whether 
the action of citrus pectin was attributable to 
the increased viscosity produced by it in the 
medium. Work of earlier investigators has 
led to the conclusion® that substances which 
made the medium highly viscous protected 
bacterial cells from destruction by phage. 
This old opinion proved not to be entirely 
correct, because in the present work it was 
found that viscosity and protective action 
against the virus were not always correlated. 
Potent protective substances with very low 
viscosity, as well as inactive materials of high 
viscosity were both found. As D’Herelle has 
stated many viscous substances exert pro- 
tective action against lysis, but this correla- 
tion proved to be illusor}'- because non-viscid 
material which was still quite active was 
found. Thus, a viscous material such as 
gelatin at 60 mg per cc of the culture fluid 
allowed good growth of E. coli in the presence 
of phage, and in this respect resembled citrus 
pectin. Both media were viscid (time of flow 
of the gelatin fortified basal medium 524 
seconds in an Ostwold viscosimeter at 37'C 
and of the pectin containing medium 259 
seconds). However, when the gelatin was 
digested with crystalline tripsin overnight, 

SD’Herclle, P., T/ic llartcriophapc nml Us Ec- 
harior, Williams .and Wilkins Co., 1P2C>. 
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TABLE n. 

Influence of Citrus Pectin on Survival of Celts in Presence of Baeteriopliage as Shown by Plate 
Counts Made 15 Jlinutes After ]Mi.\-ing tlio Participants. ■ 


Numbers of organisms after 15 min. 

Add'tions to basal medium 

102 X S. coJi cells lOS X phage particles 
per cc per cc 

Phage 

Bacteria 

’ ’ -)- pectin 

” -i- phage 

” + pectin -f phage 

3 

4.000. 000 

5.000. 000 

3 1 

3.000. 000 3 


and the digest was dialyzed against running 
water, the nondialyzable portion retained full 
(and even slightly enhanced) powers of pro- 
tection against lysis by the phage. Digestion 
so reduced the viscosity that basal medium 
containing the preparation at a level equiva- 
lent to 60 mg of gelatin per cc was scarcely 
more viscous than the basal medium without 
any additions (time of flow 99 seconds com- 
pared to 84 seconds). Possibly the polysac- 
charide portion of gelatin which remained 
after- the proteolysis, was responsible for the 
protective effect against the phage. The' lack 
of correlation of viscosity and protection from 
lysis may be demonstrated in the reverse 
manner. Thus, the basal medium fortified 
with Tween 80 (12S mg per cc) at pH 5.7, 
was more viscous than that containing an 
effective concentration of citrus pectin. Never- 
theless, the Tween did not prevent lysis of the 
bacteria by the virus. Therefore, the protec- 
tion afforded by citrus pectin was not due 
solely to the fact that it increased the vis- 
cosity of the medium. 

The effect of the pectin was not to destroy 
the phage, because no virucidal power could 
be demonstrated. Thus, when 10^® phage 
particles were added to citrus pectin solution 
(20 mg per cc), and the mixture incubated 
for 30 minutes, diluted and assayed by the 
plaque method, 10'® particles were found. 

The data of Table I show that while citrus 
pectin allowed the bacteria to grow in the 
presence of the phage, it did not prevent 
multiplication of the virus. Thus, nearly as 
many virus particles were found in 20-hour 
cultures containing abundant viable bacterial 
cells supported b\' pectin, as in the control 
cultures without pectin where few cells sur- 
vived. This is e.\-actly the situation which 


obtains with lysogenic strains® in which one 
finds growth of the host strain, and no lysis, 
concomitant with multiplication of the phage. 
Therefore, the addition of citrus pectin to the 
system of E. coU and Te phage has reproduced 
the phenomenon of lysogenic strains. This 
change was dependent on the continued pres- 
ence of the pectin. 

Citrus pectin did not prevent the attach- 
ment of the virus to the host cell, but it did 
protect the cell from lysis, i.e., destruction. 
This protection from lysis may be seen from 
the results of the following experiments. Two 
tubes of basal medium, one containing pectin 
(100 mg per 6 cc), and the other none, were 
inoculated with appro.ximately 10® young cells 
and 10® phage particles and the mixtures were 
incubated at 37°C for 15 minutes. During this 
time no multiplication of the bacteria would 
be expected. Dilutions were made, and in 
these the numbers of viable cells and of phage 
particles were determined by the usual plate 
counts. The results of a typical run are 
shown in Table II, where it can be seen that 
in the tube without pectin most of the viable 
cells had become infected and subsequently 
disappeared through lysis while in the tube 
with pectin no significant decrease had 
occurred. 

The fact that pectin did not prevent attach- 
ment of the phage to the cells was shown in 
the following way. The experiment immediate- 
ly preceding was repeated, except that after 
the 15-minute incubation period the cells were 
collected by centrifugation and washed 4 
times with a solution of citrus pectin (20 m" 
per cc). Dilutions were then made in wate^ 
and the numbers of viable cells and of phage 

sjCorflirop, J. 11., ,T. Grn. Physiol., 1039, 2.% 59 . 
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particles were determined. The object of 
the pectin washing was to remove any virus 
particles which were not attached to cells. 
The results showed that in the tube which 
contained pectin when the host and parasite 
were mixed, 2 x 10® phage particles, the 
number actually introduced as inoculum, still 
remained. These must therefore have been 
fixed to the cells in a manner firm enough not 
to be dislodged by washing. The results were 
similar when water or physiological saline were 
used as wash. However, the pectin solution 
was used as wash so that excess phage could 
be removed without danger of subsequent 
infection of the cells. If water had been used, 
the pectin in the culture would have been 
diluted and thus rendered impotent before 
the excess of virus had been eliminated. 
Infection of the cells subsequent to the main 
experiment might thus have occurred. 

From the above experiments it seemed 
probable that the pectin formed a protective 
layer around the bacterial cells. This layer 
did not prevent the attachment of the virus to 
the host; but it did preclude destruction of 
the cells. Furthermore, it did not prevent 
the multiplication of the virus. Moreover, 
this protective influence of the pectin remained 
with the cell during dilution of the culture 
and subsequent plating on agar. This fact is 
well illustrated by the data in line 5 of 
Table II. 

An apparently therapeutic effect of citrus 
pectin on cells previously infected with the 
phage was observed, but this was shown to be 
spurious, and to have resulted from a very 
few uninfected cells among the infected ones. 
Special means were required to detect these 
uninfected cells, because by the ordinary 
plating methods none could be found. Thus, 
a suspension of 10® fresh young cells.was 
mixed with 10® phage particles and the whole 
was incubated for 15 minutes. The cells 
were then collected by centrifugation and 
washed to remove e.xcess virus. They were 
then used as inoculum for two tubes, one con- 
taining basal medium and the other basal 
medium plus citrus pectin. The tubes were 
incubated at 37° for 20 hours, and it was 
then found that the one with pectin contained 
luxuriant growth, while the one without had 


none. Plate counts had been made on dilu- 
tions of the inoculum of infected cells, and 
no living bacteria bad been detected. How- 
ever, when the counting was done on plates 
made from pectin-containing basal medium 
(solidified with agar) a few (43) viable, and 
therefore presumably uninfected cells were 
found. One may conclude that the presence 
of the pectin in the plating medium protected 
those uninfected cells from attack by the large 
amounts of virus liberated from their infected 
neighbors, and thus allowed detection. The 
probable explanation of the phenomenon ob- 
served in the tubes now seemed clear. The 
few cells which escaped infection during the 
period of exposure to phage were thereafter 
protected from the phage by the addition of 
pectin and proceeded to multiply. 

The protection of bacterial cells from 
destruction by bacteriophage was not an 
isolated observation confined to one strain 
of the organisms employed. The same rela- 
tionships were found with E. colt strain No. 
8677 of the American Type Culture Collection 
in combination with either the Ts phage, or 
with phage strain 8677 of the A.T.C.C. This 
bacterium, however, was less well adapted for 
the experiment than was the Luria strain, 
because when incubation of it with the phage 
was continued for 20 hours or longer, or'er- 
growth of the previously l 3 'sed culture oc- 
curred. The effect of pectin, therefore, could 
be observed for a much shorter time. 

One additional fact was, howe\'er, estab- 
lished with the A.T.C.C. organisms, namel}'-, 
that the amount of pectin needed for protec- 
tion was practical!}' independent of the num- 
ber of phage particles introduced. The 
amount of phage was varied over a 1 00-fold 
range without altering the influence of a 
minimal effective amount of pectin. 

The discovery of the inhibiting action of 
apple pectin and certain otlier polj'saccharides 
on influenza virus*’® arose from a working 
hr^pothesis which postulated a specific pol}’-- 
saccharide in the host cell which the virus 
attacked. This receptor substance was postu- 
lated to compete with pectin for the attention 
of the virus because of structural analogy of 
the two. Woollej' (in press) has pursued this 
working hv^pothesis further, and has purified 
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from erythrocytes of species susceptible to 
the virus, a polysaccharidelike substance 
which does compete with apple pectin for the 
virus acting as a hemagglutinin. Therefore, 
a search for a substance in E. coli which might 
antagonize the protective action of citrus 
pectin on this species seemed advisable. A 
number of attempts to demonstrate such a 
substance have been made, but none has 
succeeded. The testing procedure employed 
for this was to add the various samples to the 
basal medium plus citrus pectin (100 mg 
per 6 cc) and then to inoculate with 10* 
young cells and with 10® phage particles. 
Incubation of the mixtures for 20 hours 
should reveal an active preparation by failure 
of the bacteria to grow. This should follow 
logically because if the pectin were competing 
with a cell receptor, increasing the total con- 
centration of the latter in the system should 
nullify the action of the pectin. The concen- 
tration of this receptor in the system is fixed 
by the number of bacteria, but it might be 
increased by adding extracts of the substance 
from the cells. Extracts were prepared from 
20-hour cultures of E. coli by treating the cells 


with weak alkali, b}^ grinding them with sand, 
by heating to 70” or 100°, by ultraviolet 
light irradiation, and by plasmolysis with 
ether or with chloroform. None was found 
able to overcome the antiviral action of citrus 
pectin. Needless to say, the influenza virus 
receptor substance extracted from human ery- 
throcytes likewise was ineffective. 

Summary. Citrus pectin was found to 
allow growth of E. coli in the presence of an 
excess of bacteriophage. The pectin was non- 
toxic to the bacteria, and was not virucidal. 
The action of the pectin was found not to be 
the prevention of attachment of the virus to 
the cell, and indeed, it did not inhibit the 
multiplication of the phage appreciably. It 
did, however, protect the cells from lysis, and 
hence in its presence a phenomenon similar 
to that seen with lysogenic strains was ob- 
served. Gum acacia and starch, representa- 
tives of other classes of polysaccharides, were 
ineffective. No substance could be demon- 
strated in the cells which was antagonistic to 
citrus pectin in the way that an influenza 
virus substrate in erythrocytes was antagon- 
istic to apple pectin. 
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Richard W. Lippman and Edward C. Persike.* (Introduced by T. Addis.) 
From flic Pcporfmenf of lifedidne, Stanford University School of Medicine, San Francisco, 


There have been few studies of blood and 
plasma volumes in my.xedema or experimental 
hj'pothyroidism, none on the rat. Thompson^ 
in an early study found the plasma volume in 

* Tlio authors gr-atefully acknowledge the tech- 
iiic.al .assistance of W. Lew jind W, Wong. Ilcmo- 
glohin solution was provided through the courtesy 
of Dr. Rohert B. Pennell, Slwrp & Dohme. Inc., 
Philadclphin, P.a. This study w.as supported by a 
gr.mt from the U. S. Public Health .Service. Dr. 
Lippnmn is now nt the Institute for Metlical 
Rese-nreh, Cedars of Lebanon Ilospit.al, Los An- 
gclcs. 


my.xedematous patients to be 30% below 
normal, and also found that the values re- 
lumed to normal upon treatment with thyroid 
extract. HolbolP likewise found the blood and 
plasma volume reduced in mjTcedema. In the 
most recent study, Gibson and Harris® studied 
7 m.vxedematous patients. They found that 


1 Thompson, W. O., <1. Clin. Invest., 192C, 2, 477. 

2 Holboll, S. A., Ac(n mcd. Senndinof,, 1930 

7.1, 53S. ’ 

3 Gibson, J. G., 2nd, .and H.arris, A. W., J. Clin. 
Invest., 1939, 18, 59. 
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the blood volume was only 15^ below nor- 
mal. and attributed the lower results of 
earlier authors to errors in the method of 
blood volume determination used. 

Methods. This study utilized 16 male rats, 
ranging in weight from 150 to 180 g at the 
start. Tb\TO-parath\Toidectomy was per- 
formed, under ether anesthesia, b\' blunt dis- 
section and cauterization of the thjroid bed. 
Following this, an interval of 3 weeks elapsed, 
during which the rats were undisturbed and 
were fed upon stock diet. At the end of 3 
weeks, the rats had failed to gain weight in 
accordance with the normal growth curve. 
Blood and plasma volume determinations 
were performed according to the hemoglobin 
dye method premoush- described .■* Gross post- 


mortem examination showed no regeneration 
of thjToid tissue at the site of operation. 
The heart weights were diminished in accord- 
ance with pre%*ious experience upon thrnro- 
parathjToidectomized rats.® 

Results. Plasma volumes were obtained in 
16 rats, and blood volumes were obtained in 
14 of these. There was a mean reduction of 
plasma volume, erx'throcj-te volume and total 
blood volume of approximateh' 10%, when 
compared with normal standards for rats of 
the same weight, as previously established.’ 
(Table I). 

^Lippman, B. TV., Pzoc. Soc. Exp. Biol, jlxd 
ilED., 1947, 6 G, ISS. 

5 Addis, T., Kamofskr, D., Levr. TT., and Poo, 
L. J., J. Biol Chem., 193S, 124, 33. 
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From the Department of Biochemistry and Nutrition, University of Southern Caiifornia School 

of iledicine, Los Angeles, Calif. 


E.vperiments were made to investigate 
further the well known effects of hjperthjToid- 
ism on cholesterol metabolism.^ An un- 
e.xpected result of these studies was the ob- 
seivation that a reverse relationship also 
e.xisted, i.c. that high dietary cholesterol modi- 
fied the toxic effects of high doses of thjToid 
hormone, in particular, as far as survival 
time and body weight changes were con- 
cerned. These findinp are reported in the 
present communication. 

Experimental Procedure. Normal rats were 
fed ad libitum this laboratory’s stock diet, 
slightly modified to contain more j-east. in 
order to assure an adequate supply of the 
vitamin B complex.t In addition, thyroid 
powder was mixed with the diet at concentra- 

• Supported bv a grant from the Life Insurance 
ifcdical Research Fund. 

1 Peters, J. P., and van Slvke, D. D., Quant. 
Clinical Chen., Interpretations J, 2nd Edition, 
194G, 497. 


tions corresponding to 0.4-0.8% thyroid 
U.SP. One group of rats (T) received the 
high thyroid diet as described, a second group 
(T -I- C) was fed an identical diet, e.xcept 
that it contained in addition, 1% cholesterol 
and 0.5% bile salt. The cholesterol was dis- 
solved in cottonseed oil, replacing a corre- 
sponding amount of the oil in the diet. The 
bile salt was added to increase absorption of 
cholesterol.- The rats were about 9 months 
(Experiment 1) and 38 days (E.xperiment 2) 
old respectively at onset of the feeding pe- 
riods. Litter mates were distributed ex’enly 
between the two groups. Bod\' weights were 
measured once weekly, and the survival time 

f Modified stock diet: 32S g whole wheat flour; 
2-' g ground oats; 100 g shimmed milk powder; 
30 g alfalfa; 93 g yeast, Anheuser-Busch strain 
G; SO g cottonseed oil; 20 g fortified cottonseed 
oil. containing 2500 I.B. vitamin A/g and 400 
I.r. vitamin Do/g; 5 g XaQ; 5 g CaCO,. 

2 Schoenheimer, B., Biochem. Z., 1924, 147 , 055 
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TABLE r. 

Effect of High Dietary Cholesterol on Survival Time of Bats Bed Tosic Doses of Thyroid 

Hormone. 




No. of 

Age at 

ilean survival 

Standard error 


Exp. No. 

Diet 

rats 

onset 

in days 

of mean* 

1 

s 

1 

T 

6 

9 mos. 

23 

±4.3 

33.4 


T -f C 

6 

9 ” 

55-b 

0 


2 

T 

14 

38 days 

86 

±3.9 

3.S 


T -p C 

7 

38 ” 

ni-f 

± 5.4 




* The standard error of the mean calculated from the formula Sjj = 


'V ~ — wicrfi ‘ 

n(n — i) 


is the deviation from the mean, and "n” is the number of observations. 

t Eatio, difference of means (Dy) to standard error of difference (Spy); resans 

sidered significant ivhen this ratio > 3. 


Sdi2 + Sdo'-i 
(ni — 1) (n. — 1) 


HjIIo 
Hj "4“ D2 


was noted. In the second experiment, the 
food intake was also measured, the animals 
being kept in single cages with screen bottoms. 

Results. The experimental results are sum- 
marized in Table I and Fig. 1. In the first 
experiment, in which older rats and a desic- 
cated hog thyroid preparation containing 
0.65% total I and 0,31% thyroxine were used, 
the high dietary cholesterol had striking ef- 
fects, both appreciably prolonging the length 
of survival time and protecting against the 
loss in body weight. All rats of group T died 
within 5-36 days, the average survival time 
being 23 days. In group T -f- C, all animals 
were alive at 55 days, at which time the ani- 
mals were killed for autopsy. Fig. I indicates 
that the excessive weight loss caused by thy- 
roid hormone (group T) also was prevented 
or diminished by the addition of cholesterol 
-{- bile salt (group T-f C). 

In Experiment 2 in which young rats and 
a different hormone preparation t were used, 
the same trend was observed, but the pro- 
tective action of cholesterol was less marked. 
The difference in the mean survival times 
between the groups T and T -f C was still 
significant. The body weight results were 
equivocal, however; only in the case of the 
male rats was a similar trend observed as in 


Experiment 1. , t 

The possibility was consider^ i 
animals on the high cholesterol diet ( + 

ate less due to the presence of i ^ 
bile salt in their food. In this case 
of thyroid hormone consumrf y ' ^ - 
would have been corresponding y s . 

order to investigate this , 

consumption was measure m xpe i • 
The remits indicate that the animals ate 
practically the same amount of food m both 
groups. The average intake per day 17 g 

in grouD T and 1<5 g ^ 

hwir^mpmbable that such an m^gn.ficant 

bomon. consun.ed -nas responsible (or the 
marked differences m survival time and body 
iveight observed. The latter differences have 
o be attributed, therefore, to an action of 

he cholesterol protecting from the toxic effects 
)f thvroid hormone. 

Thfe conclusion was confirmed by e.xpen- 
nents made recently in collaboration with 
nr B Ershoff.® In those experiments, con- 
' y.gre essentially the same,^ e.xcept 
hile salt was entirely omitted from the 
Lf Ti can be assumed that under th ese con- 

A str.iin of rat., and a diffrront Mock 

^ o.cd- tl-e cIiolcMcro] vras mixed wii)j 
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Fio. 1. 

Effect of dietary cliolostorol on tlie body aveiglit 
of rats fed toxic doses of thyroid liormono. T = 
tliyroid alone; T + C = thyroid + cholestcro). 

diUons both groups T and T -j- C consumed 
the same amount of diet, and therefore, of 
thyroid hormone. It is interesting that, in 
this experiment, the survival time was again 
significantly prolonged as a consequence of 
the high dietary cholesterol, in spite of the 
fact that the absorption of the latter was very 
likely smaller than in the e.xperiments dis- 
cussed above. 

Discussion. The authors are not aware of 
any report in the literature referring to e.xper- 
imental observations on a protective effect of 


high dietary cholesterol in case of thyrotoxi- 
cosis. The findings are in agreement, however, 
with a hypothesis recently proposed by Hoff- 
mann and Hoffmann.'* According to this 
theory, thyroid hormone stimulates the en- 
zymatic breakdown of lecithin to lysolecithin. 
Lysolecithin in turn, is believed to affect the 
central nervous system, to influence cell per- 
meability, and to exert, at higher concentra- 
tions, “toxic effects in various organs.” These 
are the effects which cholesterol is supposed 
to counteract, or to neutralize. It might be 
added, in connection with this concept, that 
an antagonism between phospholipids and 
cholesterol was postulated by various investi- 
gators, and many instances can be quoted 
where such an antagonism was demonstrated 
e.xperimentally.*’ 

Summary. High dietary cholesterol pro- 
longed significantly the survival time of rats 
fed toxic doses of thyroid hormone; in some, 
but not in all groups the animals’ weight loss 
was also reduced. 

Wc arc very grateful to Mr. Willi.am C. Werk- 
heiser of tins department for determinations of 
iodine and tliyroxine on a sample of desiccated 
tliyroid, and to Dr. Frederic Fcnger of tbe 
Armour Daboratories, and to Mr. Noble F. Payton 
of the Suburban Chemical Co,, Chicago, for the 
cho!p.sleioI used in this work. 


* lIofTmajiii, P., and Hoffmann, E. J. de, Public, 
del In.<ititiit. Fisiol, Universidad de Cliile, 1943; 
quoted by Foldes, F. F., and Murphy, A. .1., Pijoo. 
Soc. Exp. Biol, and JIed., 194G, «2, 218. 

■■•Bills, C. E., Physiol, prv., 1.035, 15, 1. 
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TABLE 1, 

Effect of High Dietary Cholesterol on Survival Time of Eats Fed Tosic Doses of Thyroid 

Hormone. 




No. of 

Age at 

Mean survival Standard error 


Esp. No. 

Diet 

rats 

onset 

in days 

of mean* 

SDj! 

1 

T 

6 

9 mos. 

23 

±4.3 

13.4 


T -f C 

6 

9 ” 

55-f 

0 


2 

T 

14 

38 days 

86 

±3.9 

3.8 


T -f C 

7 

38 ” 

111-f- 

±5.4 



* The standard error of the mean calculated from the formula S„ = ' where “ d ” 

n(n — 1) 

is the deviation from the mean, and "n” is the number of observations. 

t Batio, difference of means (Djj) to standard error of difference (Sdj,) ; results are con- 
sidered significant when this ratio > 3. 

2di2 -f- EdoS S^2 

(n^ — 1} (no — 1) nj -f- no 



was noted. In the second experiment, the 
food intake was also measured, the animals 
being kept in single cages with screen bottoms. 

Results. The experimental results are sum- 
marized in Table I and Fig. 1, In the first 
experiment, in which older rats and a desic- 
cated hog thyroid preparation containing 
0.65% total I and 0.3 1 % thyroxine were used, 
the high dietary cholesterol had striking ef- 
fects, both appreciably prolonging the length 
of survival time and protecting against the 
loss in body weight. All rats of group T died 
■within 5-36 days, the average survival time 
being 23 days. In group T C, all animals 
were alive at 55 days, at which time the ani- 
mals were killed for autopsy. Fig, I indicates 
that the excessive weight loss caused by thy- 
roid hormone (group T) also was prevented 
or diminished by the addition of cholesterol 
bile salt (group T-f- C). 

In Experiment 2 in which young rats and 
a different hormone preparation^ were used, 
the same trend was obser\’ed, but the pro- 
tective action of cholesterol was less marked. 
The difference in the mean survival times 
between the groups T and T -f C was still 
significant. The body weight results were 
equivocal, however; only in the case of the 
male rats was a similar trend observed as in 

t Thyroid powder, U.S.P. Armour. 


Experiment 1. 

The possibility was considered that the 
animals on the high cholesterol diet (T -|- C) 
ate less due to the presence of bitter-tasting 
bile salt in their food. In this case the amount 
of thyroid hormone consumed by this group 
would have been correspondingly smaller. In 
order to investigate this prassibility, the food 
consumption was measured in Experiment 2. 
The results indicate that the animals ate 
practically the same amount of food in both 
groups. The average intake per day was 1 7 g 
in group T, and 16 g in group T + C. It is 
highly improbable that such an insignificant 
difference in the amount of food and th}'roid 
hormone consumed was responsible for the 
marked differences in survival time and bodj' 
weight observed. The latter differences have 
to be attributed, therefore, to an action of 
the cholesterol protecting from the toxic effects 
of thyroid hormone. 

This conclusion was confirmed by e.\-peri- 
ments made recently in collaboration with 
Dr. B. Ershoff.3 jn those experiments, con- 
ditions were essentially the same,f except 
that bile salt was entirely omitted from the 
diet. It can be assumed that under these con- 

to he powisimd. 

6 A different stmin of r.ots and .a different stock 
diet were used; the cholesterol w.as mixed with 
the diet as a dry powder (for irroup T + C). 
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TABLE I. 

Chronic. Toxicity of SK 13592 — Test 1-E. 


Group 

■ No. of 
rats 

Compound 

Fraction of 

lethal dose Total mgAg 
daily (11 days) 

No. of 
animals 
surviving 

Avg vvt gain 
(g/11 days) 

■ .A 

6 

Control 



— 

6 

,. 49.8 

B 

G 

Quinine 

1/10 

308 

5 

45.4 

C 

G 

t t 

1/8 

CIO 

0 

50.0 

D 

6 

)} 

3/16 

924 

G 

49,0 

E . 

5 

.SN 13592 

1/lG 

3432 

4 

42.5 

E 

G 

7 7 

1/S 

6875 

6 

G0.3 

G 

6 

7 7 

3/lG 

10307 

5^ 

40.0 




TABLE II. 





Clironic Toxicity of SN 13592 — ^Test 1-A. 

Five chicks 

in each group. 




Dose 

No. of chicks Avg wt change 

Group 

Compound. 

mgAg/day surviving 

(g/4 days) 

A 


Vehicle 

— 

5 


4-22.4 

B 


Quinine 

350 

4 


■4-1G.2 

G 


71 

200 

5 


-i-25.S 

D 


77 

100 

5 


-f25.8 

E 


7 7 

50 

5 


-1-28.0 

F 


SN 13592 

4000 

4 


— 1.2 

G 


7 7 

2000 

4 


-fll.O 

H 


1 f 

500 

5 


-(-28.8 

I 


77 

100 

5 


-(-20.8 


gain with dosage, as showTi in Table II. 

Over a period of almost 6 weeks, one 
Rhesus monkey received a total of 3.6 g 
orally, in doses beginning at 10 mg twice a 
day, and progressively doubling each week. 
During this time no digestive or physiological 
disturbances were obser\'ed other than a 
hematological change. The blood picture 
altered markedly with the appearance of a 
decrease in red blood cells and a concomitant 
decrease in hemoglobin. Fig. I describes the 
rather rapid induction of this anemia, and the 
almost total recoverj' during the 39 days after 



Fio. 1. 

ncmatoloRic.il changes npon continued adminis- 
tration of SN 13.a92 and .after its wiflidran-al. 


cessation of SN 13592 administration. An 
attempt to induce the same type of anemia 
in rabbits and rats was unsuccessful. 

Local Ejects. Ten per cent solutions of 
calcium pantothenate have been found to 
have no irritating effect on the conjunctival 
mucosa of the rabbit.® In the present study 
no gross or microscopic pathology was ob- 
sen'ed in the vaginal tissues of animals in 
which SN 13592 was applied to the vaginal 
mucosa in saline. In 20 treatments over a 
10-day period 4 rats received a total of 20 
mg each, 2 guinea pigs a total of 50 mg each, 
and 2 rabbits a total of 200 mg each. 

Systemic Effects. The respiratory effect 
observed upon oral and intravenous adminis- 
tration of SN 13592 led to preliminarjr studies 
of its effect on respiration, circulation and 
smooth musculature. Intravenous adminis- 
tration evoked inconsistent varia^tions in blood 
pressure as determined by carotid cannulation 
and a mercury manometer. Doses as high as 
50 mg/kg in the cat induced only relatively 
minor changes in blood pressure. The heart 
rate showed similar minor variations in this 
range of drug administration. 

The effect of intravenous SN 13592 on 
respiration is almost immediate, although of 



Toxicity and Pharmacology of SN 13592.* An Analogue of Phenyl 
' Pantothenone. 

Heron 0. Singher, Nathan Mh.i,man, and Mary Rice Bosworth. 
From the Ortho Fesearcli Foundation, Fariian, FJ. 


The‘ oral antimalarial activity of phenyl 
pantothenone^ led to the preparation of com- 
pounds which might be considered as thio 
analogues.- One of these was SN 13592,® 
(-)-a,y-dihydroxy-^,/S-dimeth5d-N-(2-{phen- 
yl-mercapto-) -ethyl )-butyramide. This com- 
pound ivas e.xamined for trichomonicidal ac- 
tivit}''.* Since high in vitro activity was demon- 
strated, parallel studies of toxicity and sys- 
temic effects of this substance were conducted, 
as representative of the type of phenomena 
which might be shown by a series of similar 
phenyl pantothenone analogues. The to.xicity 
tests, for the most part, were based on those 
described in the Survey of Antimalarial 
Drtigs,^ with minor modifications. The tests 
are referred to by the designations given them 
in that publication. 

Acute toxicity. Pantothenic acid has an ex- 
tremely low oral toxicity for the rat. The 
lethal dose is greater than 10 gAg-® SN 13592 
is characterized by a similar low toxicity, 
being of the order of 5 gAg- The administra- 
tion of larger doses by means of the stomach 
tube was. difficult because of the low solubility 
of the compound. Death at toxic levels of cal- 
cium pantothenate is the result of respiratory 
failure, although lower doses do not seem to 
affect the respiratory system.® With SN 13S92, 
all doses above 500 mgAg were attended by 
marked respiratory difficulty, which usually 
disappeared within 1-2 hours in surviving 

* The Surrej Number, SN 13592, design.ites this 
compound in the Survey of Antimalarial Frtiffs. 

1 Woolley, D. W., and Collycr, M. L., J. Biol 
Chem., 1945, ISO, 263. 

SSene.'ir, A. E,, Happort, M. M., and Kocpfli, 

J. B., d. Biol Chem., 1947, 167, 229. 

sWisologle, F. T., A Stirvcii of Antimalarial 
Drugs, Edwards, Ann Arbor, 1946. 

4 Johnson, G., and Eupforberg, A. B., in press. 

0 Molitor, H., Fed. Pros., 1942, 1, 309. 

CTTnna, E., and Greslin, G., Paoc. Soc. Fst. 
Bion. AND Med., 1940, 45, 311. 


animals. This respirator}’ effect was the sub- 
ject of further stud}', as described under 
“systemic effects.” 

IWiile acute intravenous toxicit}' was not 
investigated, it was noted that in one case a 
dog was infused with a total of 2.6 g (397 
mg/kg) over a period of 5 hours without fatal 
result. 

Chronic toxicity. Tests were performed to 
determine the chronic toxicity for several 
species of animals. An 1 1-day rat test was 
conducted according to the procedure of Test 
i-U,® with the deviations in weight gains be- 
tween e.xperimental and control animals as 
the criterion. During the e.\-perimental period, 
groups of rats receiving 1/16, 1/8, or 
3/16 of the lethal dose daily averaged a 
weight gain similar to that of control rats 
fed the vehicle alone, and also similar to 
that of control rats fed the same fraction of 
the lethal dose of a reference compound, 
quinine. As shown in Table I, there were a 
few deaths, but it is doubtful whether these 
were attributable to the drugs since they also 
occur with the reference drug. 

Histological examination of major organs 
of these rats, including the intestinal tract, 
revealed no significant pathological changes. 

A 7-day mouse test (Test 1-B) gave similar 
results as far as weight gains were concerned. 
Groups at 45, 90, and 270 mgAg/day e.xhib- 
ited average weight gains comparable to the 
control animals, but mortality was much 
higher at daily doses greater than 270 mgAg- 

For studies with the chick Test l-.-\ was 
used. The maximum tolerated dose (that 
daily dose at which the final weight is approx- 
imately equal to the starting weight) was 
determined to be 4000 mgAg/day for the 
4 days of the test. However, at 500 
mgAg/day the chicks gained as much weight 
as the controls, and as much as the group fed 
50Ag/day of the reference drug quinine. It 
is interesting to note the variation in weight 
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TABLE I. 

Effect of Analogues o f Fantottenie Acid upon Strain Ko. 2 Trichomonas vaginahs. 

Observations on 9th day 


No. 


Compound 


r— , — I. ■ I . - ■ ■ • ^ > 

Complete 

Lethal at inhibition at 

one part in; one part in: 

X 1000 X 1000 


1. 

SN 13593 

2. 

3. 

SN 12610 

4. 

SN 13592 

5. 

J I 

6 . 

ij 

7. 

>> 

8. 


9. 

a 


(+ ) -tt-y-Dihydroxy-^.^-dimcthyl-N- (2- 
(phenylsulfinyl) -ethyl) -butyramide 
d ( + ) - (pantoyltauryl) -p-anisidide 
N- (2-Benzylethyl) -a-7-dihydroxy-/3,^- 
dimethyl-butyramide. Prepared from 
natural ( — ) lactone 
(+)-a- 7 -Dihydroxy-S,^-dimethyl-N- 
(2- (phenylmercapto j -ethyl) -butyramide 
Decoloiiaed by norite 
Crystalline fraction 

Fraction boiling up to 55°C at 10-< mm Hg 
Fraction boiling 55-155°C at lO-* mm Hg 
Fraction boiling 155-190°C at 10-t mm Hg 


s 

16 

10 

20 

400 

500 

750 



800 

— 

400 


400 


400 


400 



Compounds 1 and 4 vfcrc received from Dr. J, B. Kocpfli, California Institute of Tech- 
nology. No. 2 was supplied by Dr. J. P. English, American Cyanamidc Co. No. 3 was supplied 
by Dr. B. E. Lutz, University of Virginia. Nos. 5, 6, 7, 8, and 9 were prepared by Dr. IVm. 
Oroshnik and Mr. B. A. Mallory in our own Division of Organic Chemistry. 


TABLE II. 

Inhibition of Eight Strains of T. vaginalis by 
SN 13593. (Decolorized by Norite.) 


Strain No. 

Effective dilutions 
one part in : 

X 100,000 

Not effective at 
one part in: 

X 100,000 

1 

10 

11.2 

2 

8 

— 

3 

14 

IG 

4 

7 

9 

5 

9 

10 

6 

G 

7 

7 

O 

3 

9 

9 

10 


Strain No. 1 was isolated in 1939.3 

Strains No. 2-No. 7 were isolated in 1945.2 

Strain No. 9 was isolated in 1947 fron; a case 
of acute vaginal trichomoniasis with the assistance 
of C. E. Polsomc, M.D. 

observed microscopically after 3, 6, and 9 
days. 

The data presented in Table I summarize 
the results obtained with a series of com- 
pounds using strain No. 2 as the test organ- 
ism. Table II shows the comparative sensi- 
tivity of 8 strains of T. vaginalis. 

The data in Table II reveal a sevenfold 
variation in sensitivity to SN 13592, ranging 
from 1:200,000 to 1:1,400,000. 

The following compounds were found to 

3 Trusscll, E. E., and Plass, E. D., Am. J. Olst. 
ana Ggncc., 1940, 40, 883. 


have little or no activity at a concentration 
of 1:10,000: 


1. dl-N-Pantoylisoamylamino 

2. dl-N-Pantoyl-N-butylamine 

3. dl-N-Pnntoylethanokimine 

4. d ( -)- ) -Pant oyltauryl-p-nitroanilide 
0 , d (-4- ) -Pantoyltauryl-p.benzylamide 

G. 2-(d (-f) -Pantoyltauryl) -nmino-5-Chloro- 
pyridine 

7. d ( -f- ) -Pantoylt auryl-p-Carboxyanilidc 

8. dl-N-t-Pantoyltauryl-Sulfanilamide 
Compounds 1, 2, and 3 were supplied by Dr. 

Wm. Shrive, University of Texas. Compounds 4 
through 8 were received from Dr. J. P. English, 
American Cyanamide Company. 


Table III shows that the sensitivity of 
T. foetus to the pantothenate analogue is in 
the same range as that of T. vaginalis. The 
single strain of T. gallinac appears to be 
slightly more sensitive than most strains of 
T. vaginalis. As noted in a previous publica- 
tion*^ these other trichomonad species grow 


TABLE III. 

Effect of Norite Treated SN 13392 on T. foetxi.ti 
and T. gaUinae. 


No. surviving cells 
.at one part in 

Organism X 10,000 


r. 


foetus 3P 
” BR 
" AN 


T. gallinac 


30 

40 

50 

100 
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Pig. 2. 

Blood pressure and respiratory system effects 
of SN 13592. 

short duration. Respiration became shal-.- 
lower and erratic in the cat after intravenous 
injection of doses greater than 10 mg/kg 
(Fig. 2), In some cases it ceased entirely 
for an interval of a few seconds. Control 
inj'ections of the vehicle alone failed to pro- 
duce this response. 


It was also found that the compound had 
a^ small effect on smooth musculature. In 
vitro intestinal strip preparations were 
slightly stimulated by 1:2000 dilutions. Ten 
mg/kg of SN I3S92 administered intra- 
venously in the cat enhanced uterine con- 
tractility. 

Summary. SN 13592 is characterized by 
an extremely low acute and chronic oral tox- 
icity in several species. Local irritation effects 
are absent even upon repeated administration. 
Continued oral feeding of the drug induces 
an anemia which gradually disappears after 
the drug is withdrawn. Although there were 
no consistent effects on blood pressure and 
heart rate, a respiratory effect was noted. 
Smooth muscle was generally stimulated by 
this compound. 
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Chemotherapy of Bacteria-Free Trichomonas vaginalis. III. Action of 
Analogues of Pantothenic Acid.* 

Garth Johnson and Alfred B. Kupferbero. 

From the Division of Microhiology, Ortho Research Foundation, Raritan, X,J. 


The recent demonstration by Kupferberg 
et al.^ that Trichomonas vaginalis requires 
pantothenic acid motivated this study of the 
inhibitory effects of pantothenate analogues. 

Materials and Methods. The effect of a 
variety of compounds as growth inhibitors 
was first explored using strain No. 2 of 
bacteria-free Trichomonas vaginalis.- Re- 
fined studies were later run using 7 additional 
pure cultures of T. vaginalis. In addition 3 

* Tile tcclmieal assist.ince of Mrs. Mary 
■WilUanis, Miss Hutli Grossin.'in, Mr. Pasqn.ale 
Russo, and Mr. LeRoy Markle is liereby .acknowl- 
edged. Wo wish to thank the staff of the Division 
of Bacteriology and Serology of the State of New 
Jersey Department of Health, Trenton, for gen- 
erous amounts of human blood serum. 

1 Kupferberg, A. B., Johnson, G., and Sprincc. 
H., Pkoc. Soc. Exp. Bioi,. akd Med., 1948, 67, 304, 

2 Johnson, G., Trussell, M., and John F., Science, 
1945, 102, 12G. 


strains of T. foetus^ and one strain of T- 
gallittae were e.xplored using a single highly 
active compound. 

One ml of an appropriate stock dilution of 
each compound was added to 9 ml of Simpli- 
fied Trypticase-Serum medium^ containing 
3.2 /ig of added calcium pantothenate per 10 
ml of final medium. The solvent used was 
either water or 95% ethanol. In no case 
where alcohol was used as a solvent was more 
than 0,1 ml of alcohol introduced into 10 ml 
of culture medium. In such instances a 
control culture containing a like amount of 
alcohol without drug was carried. The inocu- 
lum consisted of 0.05 ml of a 36- to 40-hour 
culture containing 100,000 trichomonads. 
The cultures were incubated at 37°C and 

t The three sfr.iins of T. foetus used in this study 
were supplied by Dr. B. B. Jtorgan, University 
of Wisconsin. 
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S. H. Hutner and Clara A. Bjerknes. (Introduced by Paul A. Zabl.) 
From the Maskins Lahoratorics, Ncio York City. 


During investigations of microbial nutri- 
tion centering about growth factors and trace 
elements, contaminants were repeatedly de- 
tected growing in stock solutions of many 
cp inorganic and organic compounds even 
when the solutions had been treated with 
toluene and chloroform, and stored at d^C. 
The need for more effective preservatives 
motivated the study herein reported. 

The use of volatile antiseptics is of long 
standing, especially in work with enzymes. 
Yet few comparative studies in this field have 
been described. The common alkyl halide 
solvents were the compounds tested in some 
typical studies.^'- Propylene oxide and 
ethylene oxide were recently proposed for 
sterilizing culture media not to be subjected 
to heating,® 

As the solutions to be protected were for 
use in compounding culture media sterilized 
by steam, completeness of volatilization of 
preservative was essential. For the past year, 
the addition of a mixture of o-fluorotoluene, 
//-butyl chloride and 1,2-dichloroethane, has 
enabled us to store putrescible solutions more 
or less indefinitely at refrigerator tempera- 
tures, and also at room temperature, k 
description of the development of this pre- 
sers'ative may be helpful to others confronted 
with a similar problem, and maj' indicate 
some interesting possibilities in the field of 
volatile antiseptics. 

Materials and Methods, a. Compounds. 
The following considerations guided selection 
of compounds to be tested: 

1. Boiling point < 121°C. 

2. Immiscibility with water to ensure re- 
moval by steam distillation on autoclaving. 

3. Satisfactory chemical stability in con- 

iJo.nclumoglu, G., Biochem. Z., 1921, 124, 130. 

- Lihncll, D., Arch. Mikrohiol., 1935, 0, 326. 

3 Hansen, H. N., and Snyder, "W. C,, Phytoyaih., 
19-i7, 37, 369. 


tact with water at room and sterilization tem- 
perature. 

4. Low' reactivity tow'ards most compounds 
used in culture media. MTiere some decom- 
position might occur, the products to be nutri- 
tionally inert. 

5. Moderate cost and ready availability. 

At the beginning of this investigation a 

specific gravity near 1.0, to allow a more 
stable dispersion in dilute aqueous media, 
was considered a desideratum, but later ex- 
periments indicated advantages in blends of 
light and heavy compounds, and hence less 
importance was attached to this property. 
Compounds boiling at or below' room tempera- 
ture were too easily lost from opened con- 
tainers. Hydrocarbons w’ere excluded because 
they were too easily metabolized by micro- 
organisms.'* Nevertheless because the use of 
toluene was traditional in enzyme studies, 
some preliminary experiments with it were 
conducted. It proved very inefficient: toluene- 
saturated broth allowed grow'th of BacUhts 
snbtilis, Escherichia coU, Staphylococcus 
aureus. Streptococcus faccalis, and Torula 
utilis; however it did check more or less 
completely Bacillus cercus and Mycobacterium 
lacticola. It w'as decided to concentrate atten- 
tion on alkyl and aryl halides because these 
appeared best to fulfill the above listed re- 
quirements and they already had shown some 
effectiveness. Few' tests were conducted w'ith 
compounds with allylic halogen atoms be- 
cause of their instability. Some sulfur-contain- 
ing compounds were investigated despite their 
instability and unpleasant odors. Nearly all 
compounds tested were redistilled in an all- 
glass apparatus. “Practical” grade chemicals 
were distilled over 3 3° range; nearly all other 
chemicals boiled over a much narrower range, 
agreeing well with the constants in the litera- 


* Zobcll, C. E., Bad. Jlcvs., 1946, 10, 1. 
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luxuriantly iii the same Simplified TrjTJticase- 
Serum medium. 

In an effort to determine whether the 
inhibitory effect of SN 13592 against T. 
vaginalis could be reversed with added Ca- 
pantothenate, 10 ml of media containing 
1:200,000 drug with and without 320 /^g of 
Ca-pantothenate were inoculated. No sur- 
viving cells w'ere found in the absence of the 
Ca-pantothenate. With the added panto- 
thenate the e.xperimentai population was equal 
to that in the control. It is thus suggested 
that, as with other microorganisms, the ana- 
logue of pantothenic acid acts in competition 
with the natural compound. 

Due to its high level of in vitro activity 
it was thought worthwhile to submit SN 
13592 to a study of its possible therapeutic 
activity in infected monkeys. Studies on the 
pharmacology of the compound by Singher, 
Millman, and Bosworth^ made possible a 
study of the therapeutic effect in cases of 
human vaginal trichomoniasis.! 

Three monkeys, each weighing 5.5 kg, were 
successfully infected with a recently isolated 
strain (No. 9) of T. vaginalis which was 
obtained from a patient with an acute 
vaginitis. 

Monkey No. 1 received S doses of 5.5 mg 
intravenously, followed by 24 oral doses of 
300 mg administered twice daily. She re- 
mained infected and was therefore treated 
vaginally. Seven 300 mg doses were admin- 
istered per vagina. Subsequent microscopic 
examination of the vaginal fluids revealed a 
persisting infection. 

Monkey No. 2 received 9 oral doses of 275 
mg given once daily. The infection persisted 
in spite of treatment. Seven vaginal doses of 
300 mg were then administered without elim- 
ination of the infection. 

Monkey No. 3 was given a long series of 

1 Singlier, H. O., Millman, N., and Boswortli, 
M. E., Pkoo. Soc. Exp. Bion. and Med., 1948, 
«7, 388. 

t The authors are indebted to C. E. Eolaomc, 
M.D., for these clinical trials. 


graded oral doses, given trace daily as fol- 
lows: 10 doses each of 10 mg, 20 mg, 40 mg, 
and 80 mg, followed by 9 doses of 160 mg, and 
2 320-mg doses. The total drug administered 
amounted to 3.6 g. As in the other 2 monkeys, 
the infection was not eliminated. 

In a series of 6 clinical cases of Trichomonas 
vaginalis vaginitis, a course of vagina] tablets 
containing 1 mg of SN 13592 was adminis- 
tered twice daily for 2 weeks. All 6 patients 
retained their infections in the face of the 
estimated 1:3000 dilution of the drug! 

The failure of this analogue of pantothenic 
acid to eradicate vaginal trichomonad infec- 
tions is referable to the pantothenic acid con- 
tent of the blood serum. Denko, Grundy, 
and Porter'' demonstrated an average blood 
concentration of 33 fig per 100 ml. Mclhvain 
and Hawking*^ reported a sensitivity of 
staphylococci and streptococci to pantoyl- 
taurine. Mice infected with these bacteria 
were not protected by pantoyltaurine. How- 
ever, rats which have a lower blood level of 
pantothenic acid survived such infections 
when given a protective dose of pantoyl- 
taurine. Woolley and H’hite'^ were unable to 
produce a pantothenate deficiency in mice by 
long continued administration of the same 
compound. 

Conclusions. 1. The in vitro effectivity of 
several analogues of pantothenic acid has 
been demonstrated against T. vaginalis. 
2. Wide variations in susceptibility of differ- 
ent strains to SN. 13592 were found. 3. T. 
joetus and T. gallinae were found highly sen- 
sitive to this compound. 4. The in vitro 
activity of SN 13592 was reversed fay the 
addition of calcium pantothenate. 5. In vivo 
studies in monkeys and in human beings 
demonstrated failure of SN 13S9Z to eradi- 
cate the infection. 

DDenfco, W. D., Grundr, W. E., nnd Porter, 

J. W., Ardi. Biochem., 1947, 13, 481. 

<i McII^v.^i^, H., and E., Lancet, 1943, 

1, 459. 

7 Woolley, D. W., and Wiiite, A. G. C., Pnoc. 
Soc. Exp. Biol, -vnd Mm, 1943, 52, 106. 
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S. H. Hutner and Clara A. Bjerknes. (Introduced by Paul A. Zahl.) 
From the Maskhxs Laboratories, Xcw Tori: City. 


During investigations of microbial nutri- 
tion centering about growth factors and trace 
elements, contaminants Nvere repeatedh' de- 
tected growing in stock solutions of many 
cp inorganic and organic compounds even 
when the solutions had been treated with 
toluene and chloroform, and stored at 6°C. 
The need for more effective preservatives 
motivated the study herein reported. 

The use of volatile antiseptics is of long 
standing, especially in work with enzjmies. 
Yet few comparative studies in this field have 
been described. The common alkyl halide 
solvents were the compounds tested in some 
tj’pical studies.^" Propylene o.vide and 
ethylene o.vide were recently proposed for 
sterilizing culture media not to be subjected 
to heating.® 

As the solutions to be protected were for 
use in compounding culture media sterilized 
by steam, completeness of volatilization of 
preservative was essential. For the past year, 
the addition of a mi.xture of o-fluorotoluene, 
H-butyl cliloride and 1,2-dichloroethane, has 
enabled us to store putrescible solutions more 
or less indefinitely at refrigerator tempera- 
tures, and also at room temperature. A 
description of the development of this pre- 
serv'ative may be helpful to others confronted 
with a similar problem, and may indicate 
some interesting possibilities in the field of 
volatile antiseptics. 

Materials and Methods, a. Compounds. 
The following considerations guided selection 
of compounds to be tested: 

1. Boiling point < 121°C. 

2. Immiscibility with water to ensure re- 
moval br' steam distillation on autoclaving. 

3. Satisfactory chemical stability in con- 

1 Joacliimoglu, G., Fiochem. Z., 1921, ISi, 130. 

2 Lilmcll, D., Arch, ilihrobiol., 1935, 0, 32G. 

3 Hanson, H. N., and Snyder, "W. C., Phyiopath., 
1947, 87, 399. 


tact with water at room and sterilization tem- 
perature. 

4. Low reactivit}’’ towards most compounds 
used in culture media. Where some decom- 
position might occur, the products to be nutri- 
tionally inert. 

5. Moderate cost and ready availability. 

At the beginning of this investigation a 

specific gravity near 1.0, to allow a more 
stable dispersion in dilute aqueous media, 
was considered a desideratum, but later ex- 
periments indicated advantages in blends of 
light and heaiw compounds, and hence less 
importance was attached to this propertjL 
Compounds boiling at or below room tempera- 
ture were too easily lost from opened con- 
tainers. Hydrocarbons were e.\cluded because 
they were too easily metabolized by micro- 
organisms.'* Nevertheless because the use of 
toluene was traditional in enzyme studies, 
some preliminary experiments with it were 
conducted. It proved very inefficient; toluene- 
saturated broth allowed growth of Bacillus 
subtilis, Escherichia colt, Staphylococcus 
aureus, Streptococcus jaccalis, and Torula 
utilis; however it did check more or less 
completely Bacillus cercus and Mycobacterium 
lacticola. It was decided to concentrate atten- 
tion on alkyl and arj’l halides because these 
appeared best to fulfill the above listed re- 
quirements and they already had shown some 
effectiveness. Few tests were conducted with 
compounds with allylic halogen atoms be- 
cause of their instability. Some sulfur-contain- 
ing compounds were investigated despite their 
instability and unpleasant odors. Nearly all 
compounds tested were redistilled in an all- 
glass apparatus. “Practical” grade chemicals 
were distilled over a 3° range; nearly all other 
chemicals boiled over a much narrower range 
agreeing well with the constants in the litera- 


* Zobell, C. E., Fact. Levs., 1949, 10, I. 
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TABLE I. 
Compounds Tested. 


Toluene 
Dietliyl ether 
Iso-propj’l ether 
Carbon tetrachloride 
Chloroform 

Dichloromethane (mothjlene chloride) 

1- ehloropropane (n-propj-l chloride) 

2- chloropropane (iso-propj-l chloride) 

1- chlorobutane (n-butj’l chloride) 
Monoehlorbutenes 

2- chloro-2-mDthj’l-l -propane (t.-butyl-ehloride) 
4-chloro-2-meth3'l butane (iso-amyl chloride) 
1-chlorohexane ((!-hexyl chloride) 

1.1- diehloroethane (ethylidcne chloride) 

1.2- dichloroethane (ethylene chloride) 
1,1,1-trichloroethane (methj-l chloroform) 

1.2- diohloroethylene 

1.1.2.2- tetraehloretliylene (carbon dichloride) 
l-c!iloro-l-propene 

Bromoethane (ethyl bromide) 

1-bromo-l-butane ()i-butyl bromide) 


l-bromo-2-methyl-propane (iso-butyl bromide) 
4-broino-2-methyI butane (iso-amyl bromide) 

1,2-dibromoetliylene 

1.1- dibromoethane (ethylidene bromide) 

1- bromo-l-propene 

2- bromo-l-chloro-propano 
chlorobromomethane 

1.2- chlorobromoetliane (1,2-ethylene chlorobromi: 
lodoethane (ethyl iodide) 

1- iodo-propane (n-propyl iodide) 

£-iodo-butane (sec.-butyl iodide) 

p-fluorotoluene 

o-fluorotoluene 

Flnorobenzene 

Benzotrifluoride 

1.1.2- trich)oro-3-trifluoro-l-propene 
Thiophene 

2 - meth 3 -l thiophene 

3- methj-l thiophene 
Dimethyl disulfide 
Methj-l ethyl sulfide 



TABLE 11. 



Test Organisms 

— 

Eoutine rest organisms 

Source 



Protaminohacier aiboflavim b 
Psctidomojtas ribopavina 
Coryncbactcriim pseudodipbiberkum 
Staphylococcus aureus 
Streptococcus faecalis 
Actinomyces scabies 
Bacillus subtilis 
Torula utilis 


C. B. van Niel 

J. W. Poster (available from ATCC) 

ATCC 

Merck and Co., Inc. ” 


W. H. Burkholder 


>1 

)) 


6951 

914i 

S043 

3021 

6033 

S200 


* ATCC — American Typo Culture Collection, Georgetmvn Un'versify School of Medicine, Waslung- 
ton, D.C. 


ture and commercial catalogs. The com- 
pounds tested are listed in Table I. For the 
sake of brevity, source and physical constants 
are omitted. ” Most of the chemicals were 
obtained either from the Eastman Kodak Co., 
the Amend Drug and Chemical Co., or the 
Columbia Organic Chemical Co., Inc., Colum- 
bia S C The methyl chloroform and thio- 
phenes were gifts of the Do^y Chemical Co. 
and the Socony-Vacuum Laboratories respec- 
tively. Where alternate names are in use, 
the one employed by Chemical Abstracts is 

wiven first. , 

b Test Organisms. The organisms were 

selected to represent some of the genera com- 
^oSrencounlred as air contaminant m h 
ordinary course of laboratory work. celial 
fli were not included because they never 

J in preservative-treated solutr.ns. It 


was supposed that acid-fast bacteria might 
be important contaminants, but they were not 
encountered, and hence a petroleum-utiliz- 
ing strain of Mycobacterium lacticola and a 
rapidlyi-growing strain of M. avium were 
dropped from the roster of routine test organ- 
isms. They were killed by nearly'' all the 
halogenated compounds tried. The organisms 
selected for routine use are listed in Table II. 
-Additional organisms were used in later tests. 

c. Test Procedure. Ten ml amounts of 
broth, whose composition is given in Table 
III, were distributed in 1 25 x 20 screw-capped 
tubes and sterilized for 20 minutes at 117 to 
12rC. The medium allowed heavy rapid 
growth at room temperature of all the routine 
test organisms. The tubes were inoculated 
with a drop of fresh slant growth suspended in 
broth. -After 4 hours at room temperature. 
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TABLE III. 


Composition of Test Medium. 



% 

KOHP04 

0.05 

lIgS04 • 7 HoO 

0.01 

Nag citrate ■ 2HoO 

0.1 

Tryptioase* 

0.6 

Lactate 

0.25 

Glycerol 

0.5 

Solubilized Livert 

0.1 

pH G .9 to 7.1 



* Baltimore Biological Laboratory, 
t Wilson’s Liver “L.” 


the compounds to be tested were aseptically 
pipetted in, to a final concentration by volume 
of 1%. The tubes were shaken vigorously 
and then allowed to stand at room tempera- 
ture (21 to 28°C) for 96 to 120 hours. Growth 
was then recorded. To test for completeness 
of removal of the preservative on autoclaving, 
and absence in the medium of toxic residual 
decomposition products, the materials under 
test were added to broth, which was then 
autoclaved according to the routine technic. 
With this method, after sterilization, the 
exhaust valve of the autoclave was kept shut 
until the partial vacuum which develops on 
cooling was subsequently dissipated by the 
gradual influx of air. If necessary the ex- 
haust valve was opened very slightly. This 
procedure was equivalent to steam distillation 
under reduced pressure and no difficulty was 
experienced in complete removal of preserva- 
tives, even in amounts well over the 1 % level. 
To illustrate the effectiveness of the method, 
trials with 7i-hexyl chloride (b.p. 132.6°C) 
showed it completely removed under the 
standard conditions. In orientation experi- 
ments it was convenient to test for non- 
volatilized preservative by adding a few drops 
of I-KI solution; free iodine dissolving in the 
preservative made tiny droplets conspicuous. 

Mixtures were compounded on a volume 
basis. In practice, a few drops of preserva- 
tive were added to the solution in a glass- 
stoppered bottle and the bottle was then 
shaken vigorously. Volumes of culture media 
up to 2 liters were thus successfully preserved 
for months in the refrigerator. 

Results, .\fter conducting killing tests in 
this manner on 16 compounds, the majority 
o t lem halogenated hydrocarbons, it ap- 


o 


3 

.M 


pa 3 

►J 2 
C 3.3 

=H O 




^ cr 
K £ 




^ o 
c: 




g s 






ooooooooo 


ooooooooo 


ooooooooo 


ooooooooo 


+ = -f-f = -h-f 


-h-i- 

-k-f- -j — k-k-i — k 
-k-f -k-kd — k-k-k 


OOOO-j — 1-04“ + 


ooooooooo 


+ -k+ -k-k 


I c e; 

1 Ml M 

I II II 

I o-f 




396 


Volatile Preservatives eor Culture Media 


peared that a 3 : 1 mixture of «-butyl chloride 
and CCI4 might be satisfactory. Need for a 
better preservative later became evident, since 
contaminations of stock solutions, while much 
less frequent, still appeared; and under test 
conditions there was some growth of E. colt, 
Staphylococcus aureus, Streptococcus jaecalis 
and Toriila utilis. The next mixture exten- 
sively used consisted of equal parts of CCI4, 
«-butyl chloride, and 1,2-dichloroethane. This 
was much more effective but did not com- 
pletely check the growth of E. colt and Strep, 
jaecalis. Complete effectiveness was shown 
by a mixture of 1 part 1-bromo-l-propene and 
2 parts H-butyl chloride. This not only com- 
pletely inhibited the routine test organisms 
and many others, but no contaminants ap- 
peared in practice; 1-faromo-l-propene was not 
altogether stable, yellowing slowlj^ at room 
temperature. This did not significantly alter 


as 3% boric acid has been described.® Th.^vad 
have not appeared in any of the solutions pf lit 0 
sensed with the new mixture. Exposure (41; r 
varied agar plate media indicated that rhodo. (Vj - 
torulae were quantitatively insignificant 
constantly present in our laboratory air. A; 
they have been reported to be pyrogenic, 
the3>- may perhaps constitute an importanl\(j, 
source of piuogenic contamination of thera- 
peutic preparations. 

Certain limitations attend the use of alk.vl 
and aryl halide preservatives. Compounds 
of this class react slowly with -SH groups.’ 
This does not appear to affect the practical j 1 
usefulness of these compounds in preservation ! 
of natural materials such as yeast extract and 
protein hydroh^sates, probablj'- because most 
of the potential -SH compounds are in the di- 
sulfide form. This reaction became evident 
when concentrated solutions of Na thiosulfate 


its antiseptic properties, and volatility tests 
with yellowed samples remained satisfactory. 
However on continued use it became ex- 
tremely irritating to the ej'es and nose, and 
had to be discarded. Several of the some- 
what less effective halides were tried singly, 
and many were tried in combination with 
«-butyl chloride and 1 ,2-dichIorethane. O- and 
/»-fluorotoluene appeared unusually effective 
in repeated trials and were then tested in 
detail in combination ivith other halides. The 
o-isomer appeared somewhat more effective 
and is part of the preservative now in use. 
A typical experiment with the present pre- 
servative is shown in Table IV. About 50 
experiments in all were performed on this 
scale. 


The sulfur compounds were almost com- 
pletely non-inhibitory. No consistent differ- 
ences emerged between bromo and chloro 
homologues. The iodo derivatives were not 
effective enough and were too unstable to 
encourage further work in that direction.^ 

The preservative finally adopted consisted 
of a mixture of 1 part o-fiuorotoluene, 2 parts 
rtu” chloride, and 1 part l, 2 .dkhIo,.to„e. 
aLm«. Rlodotoeulae had previously 
• ryiciPd as principal contaminants of 


were treated with the preservative; the solu- 
tions became to.xic and acquired peculiar odors. 
Slow interaction with -SH compounds may 
be of significance in accounting for the effec- 
tiveness of the preservative. Little more can 
be said at present as to their mode of action. 
In the recommended preservative mixtures, 
the most effective component is o-fluorotolu- 
ene. The w-butyl chloride, lighter than water, 
is a poor preservative but serves to bring the 
specific gravity of the mixture closer to that 
of water, besides being an inexpensive ex- 
tender for the relatively expensive o-fluoro- 
toluene. The 1,2-dichloroethane may func- 
tion as a contact agent because of its relative!}' 
good solubility in water (ca. 0.9% at room 
temperature) bringing the less soluble 
o-ffuorotoluene into more effective contact 
with the cell. The obvious fat-solvent proper- 
ties of these compounds appear inadequate to 
account for their striking differences in effec- 
tiveness. 

The tremendous recent expansion in tJie 

; Skinner, C. E., cl a!., Slid ed. Senrid’-t 3loUU, 
Tcasls, anti Aetinomiicctcs, 1947, Joint Wile.v ."md 
Sons, N.T. 

nCo Tui, F, W., nnd .Sclirift, M. II., J- 
Clin. .Vcf}., 3942, 27, 5G9. 

7 Hickinbottom, tV. .T., Ucactions of Organic 
Compounds, p. lOG, LonKm.-iii-s, Green .end Co., 
193C, Ketr York. 
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laboratory and industrial chemistry of or- 
ganic fluorine compounds® may, in the light 
of the results reported here, encourage further 
work in the rather neglected field of the 
water-immiscible volatile antiseptics. 


s Symposium on Orgaiio-fluoriiic Clicmistry, 1047, 
hut. Sng. Clicin. (many authors), 30, 235. 


Summary. A mixture by volume of 1 part 
o-fluorotoluene, 2 parts w-butyl chloride, and 
1 part 1,2-dichlorethane, is recommended as a 
chemically nearly inert but nevertheless effec- 
tive preservative for biological solutions. This 
presenmtive, used at approximately the 
level, is completely removed under the usual 
conditions of steam sterilization. 
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Vincent Groupe, John D. Winn, and Erwin Jungherr. 

From the Department of .Intinal Diseases, Stores Agricultural Experiment Station, Stores, 

Conn. 


The term infectious sinusitis of turkeys 
was suggested by Dickenson and Hinshaw' 
to differentiate it from sinusitis which may 
occur in connection with reduced vitamin A 
intake^ or follow inoculation with Hemophilus 
gailinarttm? Infectious sinusitis occurs in all 
sections of the country and although mortality* 
is low, morbidity varies from 10,^ to 90^ 
of a flock.'-'* Thus, losses to the grower 
resulting from inferior quality of the birds 
are often quite heavy. According to the 
literature Delaplane”’ has reported a Pas- 
tciirclla-Vike organism to be associated with 
an infectious type of sinusitis. In transmis- 
sion e.xperiments Hart® and Hinshaw were 
unable to filter the causal agent through 
collodion membranes, Chamberland or sin- 
tered glass filters. 

Serial transmission of the disease in this 


I Dickenson, E. M., and llinsliaw, AV. E., J. .4m. 
ref. Hal. .l.ssii., loss, 03, 151. 

-llinsliaw, W. R., and Lloyd, AV. E., Ililgitrdia. 
1234, 3, 2S1. 

■'Beack, .T. B., and Sclialm. 0. AA*.. ronlt. Sc.. 
103G, 13. 4r>l). 

•• Leo, C. D., .A'o. .Im. VcL, 104-J, 2:1. 715. 

■■ Delaplane, .1. D., FoiiK. s,.., 1044, 23, 247. 
••'Hart, L., .lii.-ilral. Vet. J., l>)40. 10. 1U3. 

• llinsliaw, AA . 15., from Dit.casrs of l'onllr;i. 
oditial by II. E. Biestor and L. Devries, The Iowa 
State College Bre.ss, 1043. 


laboratory from a case of sinusitis submitted 
to the laboratory for examination Avas carried 
out in the usual manner.' Sinus exudate Avas 
aspirated from infected turkey's and 0.5 ml 
amounts Avere inoculated into the right infra- 
orbital sinus of normal turkeys. The inocu- 
lated sinus became SAA'ollen 5 to 10 day's after 
inoculation and contained a viscous exudate 
AA-hich resembled egg albumen and was bac- 
teriologically sterile. Later the sinuses be- 
came greatly distended and often contained 
caseated material from Avhich a A'ariety of 
bacteria AA-ere isolated. On the assumption 
that these organisms represented secondary- 
bacterial invaders an attempt Avas made to 
isolate the causal agent early in the course of 
the disease from the third serial turkey- 
passage. Accordingly, sinus exudate Avas 
aspirated on the second day after the appear- 
ance of clinical symptoms and AAas inocu- 
lated into embryonating eggs by the folloAving 
routes; onto the chorioallantois, into the 
allantoic cavity- and into the yolk sac. No 
embryo deaths or significant macroscopic 
lesions Avere observed in any of the eges inocu- 
lated onto the chorioallantois or "into the 
allantoic cavity. However, all of the 10 
embryos inoculated into the yolk sac died 
0 to 12 days after inoculation. Yolk sacs 
from these embryos were bacteriologicallv 
sterile and were subsequenth- passed in 
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chicken embryos by yolk sac inoculation for 
a total of 28 consecutive passages. 

After the second yolk sac passage O.S nil 
of a 10% yolk sac suspension was inoculated 
into the right sinus of each of 2 normal tur- 
keys. The sinuses became swollen 5 and 8 
days after inoculation respectively. Sinus 
e,xudate aspirated on the first day after the 
appearance of clinical symptoms was bacterio- 
logically sterile and killed all of 10 chicken 
embryos 6 to 12 days after inoculation into 
the yolk sac. Clinical sinusitis was produced 
in a total of 10 additional turkeys with yolk 
sac material from the 3rd, 4th, and 16th egg 
passages respectively. 

Filtration studies on the egg-adapted strain 
of the agent of turkey sinusitis were carried 
out using a 1/100 dilution of infected jmlk 
sacs. At least 50.0 ml amounts of the sus- 
pension were filtered through Berkefeld V, 
Berkefeld N, and Seitz E K filters respec- 
tively. The filtrates obtained, together with 
the unfiltered suspension, were tested for 
infectivity by inoculation into groups of 15 
embryonating eggs. All embryos inoculated 
with the unfiltered suspension and the Berke- 
feld V filtrate died 4 to 8 days after inocula- 
tion. However, all embryos inoculated with 
Berkefeld N and Seitz E K filtrates respec- 
tively were still living 14 days after inocula- 
tion. It is evident that the causal agent 
passed through a Berkefeld V filter but did not 
pass readily Berkefeld N or Seitz E K filters. 

During the first 10 egg passages micro- 


scopic e.\'amination of impression smears o'^*- 
infected j'olk sacs stained by Machiavello'il 
technic revealed onl_v an occasional red stain-'i 
ing coccoid body. However, beginning with: 
the 14th egg passage when the infective titeri 
of yolk sacs reached 10’^ or more small, coc-: 
coid bodies were regularly observed both i 
intra- and extracellularly. These bodies were i 
found to vary in size from approximately 0.5 
/t to 1.0 /i or more in diameter and rvere fre- 
quentl 5 ’' imbedded in a matrix. The bodies 
described above closely resembled morpho- 
logically the bodies found in similar impres- 
sion smears of yolk sacs infected with the 
etiological agents of the lymphogranuloma- 
psittacosis group {Chlamydozoaccac) . 

Further studies on the characteristics of 
the agent of turkey sinusitis and its possible 
etiological relationship to an agent isolated 
from air sac infection in turkeys by Minard 
and Jungherr® are in progress. 

Summary. 1. An agent capable of pro- 
ducing clinical sinusitis in turkeys was iso- 
lated and propagated in the yolk sac of the 
developing chicken embr^'o. 2. Impression 
smears of infected yolk sacs stained by 
hlachiavello’s technic revealed morphologic 
forms closely resembling those found in the 
lymphogranuloma-psittacosis group of agents 
{Chlamydosoaccae ) . 

s Jliii.ird, 12. L., iiiid Jimglieir, 12., 1011, 

ICtli ,\n. Conf. Lab. Woiltcr.s in I'lillnrum !>>''■ 
Vontnrl, Coll, of Agr., Univ. of Coon., iidineog. 
i-t’liort. 
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Observations on the Effect of 4-Amino-Pteroylglutaniic Acid on Mice. 


A. L. Franklin, E. L. R. Stokstad, and T. H. Jukes. 

Fro7n ihc tedcrlc Lahoratorirs Virixion, .Itnrricaii Cyanamiil Compnmj, I’airl JUvrr, X.T. 


The production of a syndrome in mice by 
feedin- a crude “antagonist” of pteroylglu- 
tamic acid (PGA) and its prevention by rais- 
L the dietarv level of PGA was described.' 

syndrom; was marked by slow growth 
Xed by a loss in weight, low hemoglobin 


and low white blood cell count. Recently, 
another substance, “4-amino” pteroylglutamic 
acid ("d-amino-PGA”), which is strongly 

1 FVaiiklin, A. L., Stokstad, 12, L. 1?., and .lukc.s, 
T. li., Pnoc. Soc. I2.vr. IIioi.. .i.vn Jinn., 11147 , 
«5, 3C8. 
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antagonistic to PGA in the Streptococcus 
iecatis R tet, was described.- This com- 
pound differs from PGA only in having an 
amino group in place of the hydro.y}'! group 
on the pteridine ring. Its inhibition of the 
growth of 5. fecalis R was reversed by increas- 
ing the level of PGA. The effect of the com- 
pound in the nutrition of mice was studied 
in the present investigation. 

Experimental. The animals received a 
purified diet without PGA and with 1% suc- 
cinylsulfathiazole. identical with the diet pre- 
viously described^ e.vcept that p-aminobenzoic 
acid was omitted in E.xperiment 2. In a pre- 
liminar}' experiment it was found that mice 
died within a few days after being placed on 
a diet containing levels of 1 mg of 4-amino- 
PGA or more per kilo. Accordinglj" in 
Experiment 1 low levels of 4-amino-PG.A 
were fed with various amounts of PGA 
ranging up to comparativel.v high levels. The 
results are in Table I. .A.t a level of 0.3 
mg the 4-amino compound had a slight 
tendencj- to depress the blood values which 
was reversed b}' high levels of PG.A. UTien 
the level of the compound was raised to 
1.0 mg, mortality was high even with large 
amounts of PG.A. 

In Experiment 2, the effects of PG.A upon 
mice receiving 4-amino-PGA was explored 
further. Higher levels of 4-aniino-PGA were 
used, ranging up to 3 mg per kilo of diet. 
Some reversal of the toxic effect was obserx’ed 
at the 0.3 mg level, but no protection was 
afforded by PG.A when the 4-amino com- 
pound was fed at levels of 1 or 3 mg per 
kilo of diet (Table II). 

No lesions were visible upon gross e.xam- 
ination at autopsy. 

Summary. The 4-amino analogue of 
pteroylglutamic acid was fed to mice as a 
dietarj' supplement. There was some indica- 
tion of reversal by pteroylglutamic acid of the 
effect on mice when the level of the antagonist 
was 0.3 part per million of diet. Death was 
found to occur within a few days with levels 
of 1 part per million of diet or' higher. The 
effect was not reversed by feeding high levels 

= Sprc,.r. 1). R., Smith. .T. M., Jr., j„„i ll„Rqui«;, 
M. i:., J. .Ini. Chrtn. .Vnr., lUtT. ,-,7_ 
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TABLE II. ■ ■ 1 

Effects of PGA a»d i-Amitio PGA on GrowHi and Survival of Mice in Experiment 2. It 


mice TPere used per group. 


Group 

Supplement in mg 
per kg of diet 


Body wt and (in parentheses) 
No. of survivors 




r 

Avg suniut^ 
time in davs', 

'bga 

4-amino BGA 

*0 

1 

3 

5 

8 wk ' 

15 

0.1 

0 

10 

14 

21 

24 

22 (5) 

i 

1 

16 

1.0 

0 

10 

13 

19 

19 

19(5) 


17 

10 

0 

10 

lo 

20 

22 

24 (5) 


18 

100 

0 

11 

13 

20 

22 

24 (5) 


19 

0.1 

0.1 

10 

15 

20 

24 

24 (5) 


20 

1.0 

0.1 

10 

16 

21 

20 

28 (5) 


21 

10 

0.1 

10 

1C 

21 

23 

24 (5) 


22 

100 

0.1 

11 

16 

23 

20 

30 (5) 


23 

0.1 

0.3 

10 

(0) 




4 

24 

1.0 

0.3 

10 

13 (4) 

20 


26 (4) 


25 

10 

0.3 

10 

13 

18 

20 

21 (5) 


26 

100 

0.3 

9 

14 

18 (4) 

21 

24 (4) 


27 

0.1 

1.0 

10 

9(1) 

(0) 



5 

28 

1.0 

1.0 

10 

13 (1) 

(0) 



s 

29 

10 

1.0 

10 

9(1) 

(0) 



7 

30 

100 

1.0 

10 

(0) 




5 

31 

0.1 

3.0 

10 

(0) 




G 

32 

1.0 

3.0 

11 

(0) 




4 

33 

10 

3.0 

10 

(0) 




4 

34 

100 

3.0 

10 

(0) 




4 


* In the case of groups in which aU tlie animals died during the e-xperimciital period. 


of pteroylglutamic acid. This finding may be 4-amino compound on S. jecalh R which 
contrasted with the inhibitory effect of the reversed by pteroylglutamic acid. 
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Relation Between Induced Hyperthyroidism and an Unidentified dnck 

Growth Factor.® 

A R Robblee,C. a. Nichol, W. W. Cravens. C. A. Ei.vehjem, and J. G. Haepin. 

From the Department of Biocr.emMry and Ponllry ITnehandn,. rvivrrnifp of V tneoimn, 

Madison. 


The use of biological assays for study of 
unidentified growth factors is often restricted 
bv the extent to which they can measure low 
concentration of a factor in a given material 
This may be due to the smalljresimnse of 

of the Director 

r ife Wisconsin Experiment .Station. Supported 
t hv crants from the Borden Company, Xe«- 

y-oS aty. Con—' 

tion, Terre Haute, Ind. Cravens, W. Vf., 

Science, 1018, in press. 


the animal to a given supplement. A seric; 
of studies have shown that the chick require 
an unidentified growth factor found in con 
densed fish solubles,^ whole liver po\yder, ant 
certain other liver fractions.-'^ The increa.sec 
growth rate of the chick as a result of a din<: 
supplements carrying the factor has been used 
as an a.ssay in determining some^f the prop- 

’Txicfiol,^. A., Rohhicc, A. R-, Cr.avciis, B . B ., 
nad Elvel.jcm, C. A., Ponttry Science, 1918, i„ 

'’TKicl.oI, C. A., Rohbloc, A. It., Cravens B’. B'., 
and Elvehjem, C. A., d. Biot. Chrm., JOL, 1 .0, 
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I 
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10 

11 

12 

13 

14 

15 

16 
17 
IS 
19 


5 20 

21 
22 

23 

24 

25 


26 

27 

2S 


* Injected. 


T.M5LE I. 

EEoct of Suojdements o!2 the Groirtl: Eritc of Cnieks. 


Supplements to hnsnl ration 


Avfr tvt at Mortalitv 
4n-ks Tc 


Xone 

3^ condensed fish soinWos 
.23^ desiccated tbvroid U.S.P. 

.23fJ- 4 - 30 ^ condensed fish solnbles 

2 : 5 ^ .05 cc Keticnlogen 

(i.inv),.T}ird/dnv* 

Xone 

39r condensed fisi solubles 
.125^ dcslecaftsl tbsToid 

.125^ -r SCc condcnsc<l fish solubles 

Xone 

3Cc condensed fish solnbles 
.03^ iodinafed casein 

.03 -r 3^ condensed fish solubles 


Xone 

3Sc condensc-d fish solnbles 
.Ifio^e desiccated thvroid 

.125^ -f 3?e condensed fish solnbles 

.OfiCe iodinated casein 

.025i ” -r 3Sc condensed fish solubles 

Xone 

S'vc condensed fish solubles 
.05 ce Beticnlogen/bird/dav’^ 

.125*10 desiccated thvroid 

.125'vi. ” ” -r 39c condensed fish solnbles 

.123% ” ” -r .03 cc Beticnlogen/ 

bird/dav* 

.02% iodinated casein 

.02% ” ” 4-3% condensed fish solubles 

.02% ” '’ 4 - -05 cc Beticnlogen/ 

bird/dav* 


120 

23 

220 

0 

129 

42 

203 

25 

171 

25 

ITS 

0 

249 

0 

137 

0 

279 

(I 

141 

17 

203 

0 

96 

33 

23S 

S 

129 

15 

191 

15 

134 

40 

221 

0 

117 

40 

232 

5 

1.39 

0 

259 

0 

240 

0 

156 

17 

249 

17 

233 

0 

122 

S 

273 

0 

2.11 

0 


erties of the factor However, in more recent 
tvork (unpublished) with low concentrations 
of the factor the response obtained is some- 
times such that it is questionable whether it 
may be attributed to the presence of the 
factor, or merely to normal variation between 
the experimental groups of chicks. 

The recent work of Bethed, Wiebelhaus. 
and Lardj-^ and of Ershoft el al.^ offers a 
method which may be helpful in improxdng 
certain biological assays for imidentified 
growth factors. They found that the admin- 


4 Bobblee, A. E., XW>^irGrX;^:tvcu<= W W 
J- G., J. Biol c'hrm. 


a BotUeil, J. J., Wicbelli.-iu?. V. D 
II. A., .T. Xutrition, 1P47^ »4, 431. 

C. Brsliofl, B. H., Bnoc. Soc. Exr 
Mku., 1P47, 04 , 300. 


and Icirdv. 

Bjon. AMD 


istration of desiccated thyroid to rats resulted 
in poor growth and a shortened sundval 
period. It was suggested that feeding desic- 
cated thyroid increases the requirement of 
the growing animal for some unknown fac- 
tor(s), and that this increased requirement 
fe fulfilled by feeding materials containing 
the unidentified antithyrotoxic factor. Liver 
and yeast were found to be sources of the 
antithyrotoxic material. It has been long 
recognized that hyperthyroidism increases the 
animals’ requirement for various nutrients. 
The relationship of e.xperimentally induced 
hyperthjToidism to increased requirements of 
many of the knonm idtamins has been re- 
viewed.^ 

The obseiA-ations of Betheil cl a!.- cuggested 
that production of a condition of "himer 
thyroidism in chicks might be u^ful in’ 
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increasing the effective assay range, and sen- 
sitivity of chicks to the unidentified chick 
growth factor found in condensed fish solubles 
and certain liver fractions. The present inves- 
tigations were initiated to study the effect of 
thyroid active materials on the degree of 
response of chicks to supplements containing 
the unidentified factor or factors. 

Experimental. Day-old (New Hampshire 
cfj* X Single Comb White Leghorn JJ) chicks 
were used in all the studies. The chicks were 
progen}' of hens fed diet Bl, described in a 
previous report.^ The experimental groups 
were housed in electrically heated batteries 
with raised screen floors. The chicks were 
wing-banded and weighed at the beginning 
of the e.xperiment and at weekly intervals 
thereafter. Feed and water were supplied 
ad libitum. The experiments were terminated 
at the end of four weeks. The basal diet 
used was the same as that used in previous 
trials.^ It consisted of the following ingredi- 
ents; ground yellow com 35, wheat bran 10, 


In the second trial a lower level of 
cated thyroid was used. In this case, 
of .125% desiccated thyroid in the 
8) resulted in a significantly lower gr 
rate than was obtained with the basal g-x 
(lot 6). The addition of 3% condensed 
solubles and .125% desiccated thyroid to-;)® 
basal diet (lot 9) resulted in a significldfe 
increase in growth above that of the posidi 
control (lot 7) which was supplemented viti.H 
fish solubles alone. 

Another source of thyroidal activity Ckal 
tested in trial 3. lodinated casein (iO/iar 
th^'roxin) was added to the basal ration aliia 
level of .03%. A decrease in growth ralit 
and an increase in mortality resulted (lot 12ai' 
The effect obtained when 0.03% iodinattk 
casein and 3% condensed fish solubles we):fe 
added was similar to that observed in thti 
previous trial using desiccated thj'roid. Thuul 
average weight at 4 weeks of age (lot lS}js 
was significantly above that of the positivei 
control (lot 11). 's 


wheat middlings 10, dehydrated alfalfa meal 
S, soybean oil meal 28, vitamin test casein 7.5, 
limestone grit 2.0, steamed bonemeal 1.5, 
iodized salt 0.5, fish oil (2000A-400D) 0.5, 
MnSOiHaO 0.025 g; thiamine 0.3, riboflavin 
0.6, niacin 5.0, calcium pantothenate 2.0, 
pyridoxine HCl 0.4, inositol 100, choline chlo- 
ride 150, p-arainobenzoic acid 10, biotin 0.02, 
folic acid 0.05, menadione 0.05, o-tocopherol 
0.3 mg. Supplements to the basal ration 
were made at the expense of the corn. 

Results. The results obtained are pre- 


sented in Table I. In trial 1 the addition of 
0.25% desiccated thyroid to the basal diet 
resulted in slow growth and high mortality 


(lot 3). The growth rate in this case was not 
significantly different from that of the basal 
group (lot 1). The addition of either 3% 
condensed fish solubles to the diet containing 
desiccated thyroid; or the daily injection of 
1 U.S.P. unit of reticulogen (Lilly), a concen- 
trated liver extract used in the treatment of 
pernicious anemia, gave a significant incre^c 
in growth rate. In both cases, however the 
average weight attained at 4 weeks of age 
was sLewhat below that of the posfl.ve con- 
trol group in which condensed fish solubles 

alone was added to the basal ration (lot 2). 


The results in trial 4 are essentia!!}' in: 
agreement with those of the previous 2 trials;! 
The addition of desiccated thyroid to the. 
basal ration (lot 16) did not result in a lower 
rate of growth than was obtained with the 
basal ration alone, but was accompanied with 
a marked increase in mortality. lodinated 
casein (lot 18) caused both a decreased 
growth rate and high mortalit_v. tt'hcn the 
basal ration was supplemented with either of 
these materials along with 3% condensed fi.sh 
solubles (lots 17, 19) a growth response 
greater than that which was obtained with 
condensed fish solubles alone (lot IS) re- 
sulted. 

Trial S was carried out to determine whether 
or not reticulogen injections would fully sub- 
stitute for condensed fish solubles in rations 
containing iodinated casein or .125% desic- 
cated thyroid. The results show that reticu- 
logen was effective in both cases (lots 25, 28) 
in overcoming the thyrotoxic effect of these 
materials. The administration of desiccated 
thyroid did not cause a decreased growth rate 
(lot 23). The growth rate was depressed in 
the group fed 0.2% iodinated casein (lot 26). 

In both ca-'cs mortality was higher than in 
the control groups. The addition of con- 


I^*DUCED Hypeeth^’roidism akd Chick Growth 


403 


— solubles and iodinated casein gave 
V f' ) growth response, but this effect was 
; with desiccated thyroid and fish 

'~^^:^won. The data presented here show 
'.'.■nether condensed fish solubles or reticu- 
n;rE (Lilly) ser\’e to counteract the thyro- 
-Tiifflect of defecated thjToid in the chick. 
:fzs result parallels the obser\-ations of 
et alS- and of Betheil el al? who noted 


; 2nti-thyrotosic effect of liver and yeast 
desiccated thyroid was fed to rats, 
r-rzsf* similar protective action was also ob- 
when iodinated casein was used in 
of desiccated thj-roid. This would indi- 
~ that the thyrotoxic effect is attributable 
an increased thjToid activity. Since the 
: £'f:h‘ective action is exerted b3' both con- 
irS-^^?od fish solubles and reticulogen (Lillj-) 
j-if would appear that the anti-thyroto.xic factor 
;; :> identical to the unidentified growth factor 
•.'•tecribed pre%'iously.’ " 

In addition to the protective action of con- 
i'lensed fish solubles a further effect was noted 
;~in these e.xperiments. An increased growth 
^jiate was obtained when either 0.125% 
desiccated thjToid or .02-.03% iodinated 
casein was added to the ration containing 
condensed fish solubles. The effect is similar 
to that obser\’ed bj- Irwin, Reinecke and 
Turner" who reported a stimulation in growth 
of chicks when iodinated casein was added to 
the ration. However, in the e.xperiments re- 
ported herein the addition of either desiccated 
thjToid or iodinated casein to the basal ration 
without fish solubles caused a decreased 
growth rate and high mortalitj' and it was 
only in the presence of an adequate amount 
of the factor supplied by condensed fish 
solubles that a growth stimulation was ob- 



tained. 

The levels of iodinated casein that were 
found to be effective were considerably lower 
than those employed by Irvrin cl al.' Tney 
reported that 36 g of iodo-casein (3.1% 
thyroxin) per cwt. of feed was the optimum 
dfwage level and that variations from this 
level were not effective. In the e.xperiments 
reported herein the effective levels ranced 

r Invin. M. !!.. K. !•.. .-.r,! TiirnT-r” C. 

W., roullru S’eiVnee, 22, 374. 


from 9.08 to 13.62 g iodinated casein (3.07% 
thyroxin) per 100 ib. of feed. Higher levels 
were not tested. In a recent report ■(^'heeler, 
Hoffman, and Graham^ found that a diet 
containing 10 g of thxToprotein (3.0% 
thxTOxin) per cv,-t. of feed resulted in a sig- 
nificant increase in uniformitj' and mean bodj' 
weight of male birds at 12 weeks of age. Tne 
level of iodinated casein used was within the 
range we found to be effective. 

The growth stimulation obtained max* be 
due to an increase in the basal metabolic rate 
of the chick. Evidence that the administra- 
tion of thx-ro-active materials to animals 
causes an increase in the requirement of mam- 
nutrients has been adequateh- reviewed bv 
Betheil el al? It appears that in the presence 
of sufficient amounts of all the nutrients, the 
increased basal metabolic rate results in a 
more rapid growth rate than is c-.xhibited by 
the normal or untreated individual rather 
than a thvTo-to.xicity. It is quite evident, 
however, that a deficienev- in the ration of 
the unidentified factor(s) found in condensed 
fish solubles results in a thvTO-toxidty when 
desiccated thyroid or iodinated casein is ad- 
ministered. 


The results that have been obtained by 
various investigators would seem to be de- 
pendent on 2 factors: the completeness of 
the ration and the level of thv-ro-active ma- 
terial fed. The ration used by ^^Tieeler el al? 
containing both fish meal and meat meal as 
protein supplements, would likely meet both 
of these requirements; however the basal 
ration used by Turner, Irwin, and Reinecke'* 
and by Irv.-in et al? might be submarginal 
with regard to the unidentified factor of con- 
densed fish solubles. 




— ** ' MivjtcuLc Luai an 

experimentally induced hv-perthvroidL=m mav 
fae an extremely useful tool in biological assa'v 
for unidentified factor(s) required bv th-^ 
chick lor optimum growth. ' .A level in the 

.0^.03,c lodmate-d casein resulted in an 

J... I ffvltru i-cxfTct\ 27 , J(\Z 

•'Turner. C. ,V, Irr.it:. JI R p . , 

* -f i Oitltru Scif'r.cCj lC*4-4 225 * 
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increase in the assay range for the unidentified 
factor. 

The increase in growth rate which was 
obtained when iodinated casein or desiccated 
thyroid was added to the ration containing 
condensed fish solubles has not been studied 
beyond 4 weeks of age. Work is now in 
progress to determine the possible value of a 
combination of fish solubles and iodinated 
casein in commercial feeding. 

Summary. A thyrotoxic condition in the 
chick, induced by feeding desiccated thyroid 
or iodinated casein was effectively counter- 
acted either by supplementing the diet with 
condensed fish solubles or by the injection 
of reticulogen. 


An increased growth response was obtained 
upon the addition of either desiccated thyroid 
or iodinated casein to a ration containing 
adequate amounts of the known and unidenti- 
fied chick growth factors. 

The addition of either .0.125% desiccated 
thyroid or 0.02 to .03% iodinated casein to 
the basal ration resulted in hn improved assay 
range for the unidentified chick growth fac- 
tor (s) in condensed fish solubles and reticu- 
logen. 

We are indebted to Merck and Co., Balnv.ar, 
N.J., for crystalline vitamins and to tlic Lederlc 
Laboratories, Pc.arl Hirer, N.T., for folic acid. 
The condensed fisli solubles were supplied by tlie 
Borden Company, New York City. 
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Some Characteristics of the Anti-Estrous Factor in Lithosperntum* 

Paul A. Zahl, 

From ilic HasVins Laioratorics, IN'ew York CUy. 


Two laboratories have independently re- 
ported that the herb Lithospcrmiim rudcrale 
when mixed with normal diet abolishes the 
estrous cycle in mice.^-- The present note 
describes further studies on modes of admin- 
istration, site of action within the body, dif- 
ferential strain susceptibilities, distribution 
of the factor within the Lithospcrmiim plant, 
as w'ell as some preliminary fractionation 
w'ork. 

Experimental. 1. Absorption front Pellets. 
Daily vaginal smears, using the method pre- 
viously described,- were made from large 

* The work reported in this p.oper is a portion 
of tliat being carried on under a grant from the 
National Advisory Cancer Council of the U. S. 
Public Health Service. Technical assistants on 
the project were M. L. Drasher and Andrew 
Nowak. 

t Cranston, E. 3d., J. Ptiarm. and Ery. Thcrap., 
1945, 83, 130. 

2 Brasher, JI. L., and Zahl, Paul A., Peoc. Soc. 
Exr. Bior., and Med., 1940, 03, CG. 


groups of Rockland Swiss strain virgin fe- 
male mice betrveen 2 and 4 months of age. 
Fifty of these mice showing least irregularity 
of estrus were selected. These were further 
segregated into 5 uniform w'eight groups. 
One lot was maintained as the control, each 
mouse receiving a subcutaneously implante’d 
50 mg beeswax pellet. Individuals of the 
second lot received similar!}’’ implanted pel- 
lets consisting of 25 mg of beeswa.x and 25 
mg of the crude oil residue of the ether e.x- 
traction of 100 g of powdered Lithospermum.i 
A neutral water extract of the same batch 
of Lithospermum -ivas incorporated in sim- 
ilar proportions into other beeswax pellets, 
and implanted into a third group of mice. A 
fourth group received beeswax pellets con- 


t Lithospermum powder w.is prepared by milling 
the whole plant, including roots, stems, floral parts, 
stalks, and leaves. Floresccnt plants were col- 
lected in mid-June in the deserts of western Mon- 
tana, and dried in the shade. 
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taining 2.S mg of fw-aiidrolidactone acetate.i 
A fifth group received beeswax pellets con- 
taining 10 mg of thiouracili A daily estrous 
record for each of the mice comprising these 
groups had been kept for 20 da3'S previous 
to pellet implantation; and vaginal smear 
estrous assay was continued for 40 days fol- 
lowing the implantation. In only one of the 
5 groups was there observable suppression 
of estrus, i.e., the group receiving the water- 
soluble Lithospermmn fraction. 

The mean weights of each group of mice 
were taken weekly, starting with the time 
of pellet implantation and continuing during 
the experimental 40-day period. The weight 
curves were normal e.xcept for that of the 
thiouracil group, and to some extent that 
of the fjo-androliclactone acetate group, 
which dropped somewhat initially, but re- 
covered within 3 weeks. The drop in the 
thiouracil weight curve is taken to indicate 
that an effective anti-thyroid level of the 
compound was being maintained by absorp- 
tion of the pellet, without exertion of any 
pronounced anti-estrous effect. It is not clear 
how thiouracO under these conditions would 
effect a weight loss; one may assume either 
some kind of side action, or assume that 
absorption from the pellet was so rapid as 
to constitute a gross overdose. Whether the 
iso-androliclactone acetate was similarh- toxic 
was not clear, due to the questionable sig- 
nificance of its weight cun^e aberrancy. 

2. Strain Differences. It was desirable to 
obtain additional data on strain differences 
in respect to susceptibility to the action of 
Lithospcrmxm. The strains to be compared 
were the Rockland Swiss and the C3H lines, 
the latter a high mammary tumor incidence 
strain. -A. set of 2 to 4 months old Rockland 
females was examined for estrous regularity, 
and all clearly irregular or persistently di- 


* /so-androlie'bftone acetate was scltrfed for 
test because it is fliouglit to cau.se au accumula- 
tion of gonadotropliius in the anterior j-ituitary. 
Tlie compound was supplied through the gen- 
erositv of Dr. Gregory Pincus of the Worcester 
Foundation for E.xperi.nentai Biology. 

5 Supplied by Dr. E. 0. BobUn, Jr. of the 
American Cranamide Company, Stamford, Conn. 


estrous animals were discarded. The selected 
mice were divided into 2 lots, one fed stock 
Rockland diet, the other a 7% Lithospermum 
diet mi.xed with powdered stock Rockland 
diet, compounded into pellets. During the 
first week of feeding no vaginal smears were 
taken; thereafter for 2 months daily smears 
were made. 

The estrus data for the second strain were 
obtained from females of a group of several 
hundred QH mice which had been placed 
on a Lithospermum diet shortly after wean- 
ing. Random samples from the control and 
e.xperimental C3H reservoirs were selected 
for 2-week assaj-s when about 4 months of 
age. In a second instance, the C3H females 
assaj-ed were from a group which had been 
on a Lithospermum diet lor about S months; 
and a third sampling was made of the C3H 
stand-by group and their normal diet con- 
trols when the animals were about 14 months 
of age (i.e., having been on the Lithospermum 
diet for about 12 months). All of the'CsH 
females, regardless of age, responded almost 
uniformly in showing a continuous anestrus, 
whereas only a partial inhibitori' response 
characterized the Rockland females, confirm- 
ing observations made earlier.* It is evident 
that the C3H strain is considerably more 
susceptible to the anti-estrous factor in 
Lithospermum than is the Rockland strain. 
.Also, it appears that the cyclic refractoriness 
described for the latter strain in our earlier 
paper- is largely absent in the C3H strain. 

Two groups of C3H females, one having 
been on Lithospermum diet for 8 months, 
and the other on normal diet for a similar 
period of time, were assa\'ed for estrus. The 
Lithospermum group had been sampled 
throughout the S months period, and the 
animals were found to have been in a stale 
of continuous diestrus. The diet of these 
two groups was reversed: those which had 
been on Lithospermum were placed' on nor- 
mal diet, and coin-erselj’. The group which 
for the preceding 8 months had been in a 
state of continuous diestrus, immediately re- 
turned to relatively normal cyclicity; and 
the normal animals previously on the stock 
diet, responded within 96 hours to the Lilho- 
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spermiim. The immediacy of the return to 
normal of the former group after being taken 
off the Lithospermnm diet indicates that long 
exposure to the Lithospermum factor induces 
no permanent or irreversible changes within 
the body. 

The weight history of female mice fed on 
LUItospermuni diet from weaning, presents 
some points of interest. Such weight data 
were obtained each month beginning S months 
after the initiation of the experimental feed- 
ing. There was no significant weight differ- 
ence between experimental and control 
groups. Cranston,^ using larger doses — 40^ 
Lithospermnm in the diet — reported that mice 
undergo an initial weight retardation from 
which they recover, however, in four months 
while still under treatment. Our weight data 
did not cover the age period between 2 and 
7 months. 

5. Histology. Studies were rnade of various 
tissues of CaH mice which had been on 1% 
Lithospermnm diet for from 10 to 12 months. 
No changes were observed in the thyroid 
epithelium and follicles in animals which for 
almost a year had been in sustained diestrus 
due to Lithospermum feeding (Fig. 1 and 2). 
The anterior pituitary, fi.xed and stained ac- 
cording to a method used earlier,^ appeared 
to be normal in both control and experimental 
animals, no marked qualitative or quanti- 
tative changes being observed in any of the 
cell types (Fig. 4 and S). The uteri ap- 
peared somewhat atrophic and were clearly 
in the anestrous condition. The ovaries were 
somewhat smaller than normal and showed 
some follicular atresia. This atresia was 
similar to but not as marked as that reported 
for Lithospermum-hA Rockland Swiss mice, 
whose ovaries undetavent pronounced atresia 
following prolonged' Lithospermum admin- 
istration.- The mammary tissues of the ex- 
perimental CsH animals were rudimentaijc 
It should be noted that control animals used 
for histological comparison mth the experi- 
mental ones were sacrificed only when in true 

diestrus. . 

4. The Thyroid. The possib ility that 

42, 303. 


Lithospermum acts by suppression of the 
thyroid rather than by affecting the gona- 
dotrophin-producing tissues of the pituitat>', 
seemed to justify further investigation, despite 
the failure of the pellet-administered thio- 
uracil to show any anti-estrous effect. Ac- 
cordingly, two sets of mice were fed on diets 
consisting respectively of 0.1% and 0.5% 
thiouracil. These diets were fed to C3H fe- 
males w'ith a historjf of normal estrous cycli- 
city. At these doses there was no disturbance 
of estrus. An observed body weight loss im- 
plies that enough thiouracil was absorbed to 
exert a systemic effect. Histologically the 
thyroids of mice so treated with thiouracil 
showed very marked hyperplasia (Fig. 3). 
These observations are consistent with the 
findings of Jones, Delfs, and Foote, who 
observed no change in the mating behavior 
of thiouracil-fed rats,"* although gestation was 
often interfered with; but are at variance 
■with those of Mann® who noted lengthening 
of inter-estrous periods in thiouracil-fed rats. 

5. Distribution of Factor within the Plant. 
In all the preceding Lithospermum e.xperi- 
ments, as well as in those of Cranston, the 
whole plant was used in the experimental 
diets. It was of interest to investigate the 
relative abundance of the anti-estrous factor 
in the various parts of the plant. Accord- 
ingly, dried Lithospermum plants were di- 
vided into (1) flowers and seeds, (2) roots, 
(3) leaves, (4) stems. These fractions were 
pulverized and made up to 15% with nor- 
mal powdered Rockland mouse diet. Four 
groups of about 10 female Rockland mice 
each, on the stock diet, were assaj'ed for 
estrous regularit}' for 10 days, then placed 
on the special diets. Daily estrous assay 
was continued during a 20-day e.xperimentai- 
diet period. The data are presented in Fig. 

6, together with mean body weight cun'es. 

It is seen that the factor is practically absent 
from the stems, and maximall}' concentrated 
in the flowers and seeds. Return to normal 
diet resulted in almost immediate return to 
normal estrous cyclicity. 

4 Jones, G. E. S., Detfs, E., .iniFT'ootc, £ C., 
Ettdocrinolo^i/f 337. 

G Matin, a W., J. Ps^choL, 30-15, 20, 03. 
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Pays 
Fio. 6. 

Estrous history of mice fed,, respectively, on A — Flowers and Seeds ; 

— Boots; C — ^Leaves; D — Stems, of the plant Litliospcrmum rudcrale. 
Pulverized, these materials were made up to 159J. with normal powdered 
mouse diet, then compounded into pellets. The experimental feeding was 
preceded and followed by periods of normal diet feeding. The black hori- 
zontal areas indicate duration of cstrus. The mean body weight curve for 
each group of mice is plotted below. 


Discussion. It is clearly established that 
the Litliospcrmum factor, presumably in the 
water-soluble fraction, produces a pro- 
nounced anestrous effect in mice. Our 
observations that neither the thyroid nor the 
pituitary e.\hibit histological changes follow- 
ing protracted Litliospcrmum feeding, do 
not necessarily militate against the sugges- 
tion by Cranston that the effect may be di- 
rectly on the gonadotrophic elements of the 


anterior pituitary. It is certainly possible 
that an inhibitory effect may occur which is 
not of sufficient magnitude to elicit observable 
morphological changes. The fact that mice 
after 8 months of Lithospermum-m^Mzed di- 
estrus immediately reestablish normal cycli- 
city when returned to normal diet, suggests 
that no permanent changes have occurred in 
any of the tissues involved. That the effect 
of Litliospcrmum results from a direct action 
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on the ovaries has been doubted by Cranston 
on the grounds that estrone injection im- 
mediately reestablishes cyclicity in LitJio- 
sperimm4ed animals. It is possible that 
the Litiiospcnnnm effect is a threshold one 
of just sufficient magnitude to disrupt cj^cli- 
city, but insufficient to produce irreversible 
changes in the tissues involved in estrous 
cycles. Perhaps the use of a more potent 
concentrate of the active material would 
clarify this matter. There is the possibility, 
too, that the factor interacts with circulating 
gonadotrophins, although we have neither 
positive nor negative evidence of such action. 

Summary. ( 1 ) The anti-estrous factor of 
LHhospcrmnm appears to reside in the neu- 


tral water fraction. ( 2 ) The anti-estrous 
factor is most abundant in the flowers and 
seeds of the dried plant, and almost wholly 
absent from the stems. (3) Interference with 
estrus is stopped almost immediately, regard- 
less of the length of treatment, when £h//o- 
spcrmiim is withdrawn and animals returned 
to normal diet. (4) The C 3 H strain is more 
sensitive to Lithospenmnn than is the Rock- 
land Swiss strain. (5) The action of Litho- 
spenmim is unlike that of thiouracil. ( 6 ) 
The factor induces no observable changes 
in the anterior pituitary, thyroid, suprarenals, 
or pancreas; some atresia is observed in the 
ovaries, and some atrophy of the uteri. 
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/h vivo Observations on the Distensibility of the Femoral Venous System.* 

Robert S. Alexander. (Introduced by Carl J. Wiggers.) 

From the Department of Fliysiology, Western Deserve Vniversity Medical School, Cleveland. 0. 


The marked engorgement of a vein when 
its central end is occluded tends to create the 
impression that veins are highly distensible 
structures. This illusion is probably created 
by the filling of partially collapsed veins* 
rather than by a true distension of the venous 
walls, since studies of segments of large 
veins-’® have revealed a relative lack of dis- 
tensibility over the phj^siological range of 
venous pressures. The question arises as 
to whether observations on the large veins 
suited to direct distensibility measurements 
are necessarilj’’ typical of the venous system 
as a whole. Hochrein and Singer, for ex- 
ample, found the femoral vein considerably 
more distensible than the inferior vena cava.= 
Should the smaller veins and venules be 


* Supported by .a grant from tlie Life Insnr- 

anee Eeseareli Fund. . „ r, 

lEyder, H. W., MoTlc, tV. B., and Ferns, E. B.. 
Jr j Clin. Invest, 1944, 28, 333; XUionmrco, .T., 
Bimini, B., and Prednri, F. K, Per-, .irgentina 

Cardiol., 1946, IS, SS3. , j Vm Poth 

2 Hoclirein, M., and Singer, B., Jreh. E ]■ 
Fharmaeol., 1927, 12o, 301. 


highlj'- distensible, alterations in venous pres- 
sure would be of considerable significance in 
altering the partition of the circulating blood 
volume between the venous system and other 
channels of the circulatory system. 

Clark* attempted an estimate of the dis- 
tensibility of the entire venous sj’stem of the 
forearm in vivo bj'' employing a plethysmo- 
graphic method. Her results were difficult 
to interpret, however, because of the inability 
to differentiate changes in venous volume 
from concomitant changes in tissue fluid 
volume. A more direct approach to this 
problem in the e.xperimental animal is sug- 
gested by the simple observation that if the 
venous outflow' from an organ is watched at 
the time the outflow pressure is suddenly 
lowered, the fall in pressure will be observed 
to produce a transient gush of e.vcess blood. 
This excess blood obviously represents a vol- 
lime passively flushed out of the system b.v 


3 Green, H. D., Medical Physics, Olfo Gl.-i.iisor, 
Editor, Yc.ir Book PuWisiiers, Ctiiraco. 1911, 213. 

4 Clark, .T. IL, Am. ,T. Physiol., 1933, 10.5. -US. 
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virtue of the reduction in the intravascular 
distending pressure. In a rigid system such 
a gush would be absent; in a highly disten- 
sible sj-stem it should represent a consider- 
able volume. Although it is difficult to de- 
limit the precise anatomical locus from which 
this excess blood arises, it must be predom- 
inantly from the venous system since a pres- 
sure change at the point of venous outflow 
from an organ could have very little effect 
on the pressures on the arterial side of the 
circuit. The present study represents an 
attempt to quantitate this phenomenon in 
the venous bed of the hind leg of the dog. 

Methods. This analysis demanded an 
accurate method for measuring venous out- 
flow. The simplest procedure is to open the 
appropriate vein and collect the outflow in 
a graduated cylinder for an accurately meas- 
ured time interval. To be adaptable to the 
present study this method had to be made 
continuous so that the successive changes 
in rate of outflow produced by a change in 
the outflow pressure could be determined. 
This may be accomplished by determining 
the increase in volume in the collecting re- 
ceiver gravimetricalty. In preference to the 
rather cumbersome and frequently inaccurate 
mechanical devices that have been used for 
this purpose, we have developed a ‘‘strain 
gauge flowmeter" to obtain a continuous rec- 
ord of the increase in weight of the collecting 
r'essel. This affords a small compact unit 
which may be placed directly under the re- 
ceiving vessel and connected to the recording 
system by light flexible wires of any desired 
length. The resulting record is a quanti- 
tatively accurate graph of the cumulative 
venous outflow; any excess or deficit in this 
outflow produced by a change in outflow 
pressure may be measured directly on the 
original record. 

We employ a gauge manufactured by the 
Statham Laboratories, Los Angeles, Califor- 
nia. This is a self-contained Wheatstone 
bridge which is accurately balanced to null 
current when there is no stress applied to the 
pin actuating the sensitive resistance elements 
of the bridge. Although designed primarily 
for the measurement of minute displacements. 


these gauges may be used for the direct 
measurement of stresses in certain ranges. 
A gauge with a full range of eight ounces 
is well suited to measuring blood volumes of 
the order of 100 cc. The output of the gauge 
is sufficient to directly actuate optically re- 
cording galvanometers having periods some- 
what less than 0.1 second. 

In our application of this device, the out- 
flow receiver (a beaker of 100 cc to 250 cc 
capacity) is placed on a small aluminum 
platform 8 x 10 cm. This platform is sus- 
pended on 3 points, 2 of which are steel pins 
pivoting on tapered bearings, and the third 
is the actuating pin of the strain gauge. The 
actual displacement of the platform over the 
full range of the gauge is so slight that fric- 
tional resistance in the suspension is of little 
consequence. To correct for variations in 
the mechanical advantage of the suspension 
due to alterations in the precise position of 
the beaker on the platform, we followed the 
practice of calibrating each record. This was 
accomplished by withdrawing an accurately 
measured volume (usually 20 cc) after each 
flow measurement and recording the resultant 
galvanometer deflection before the receiver 
had been moved from its recording position. 
Tests of the flow meter revealed almost com- 
plete linearity between galvanometer deflec- 
tion and the volume (weight) in the collecting 
vessel, the deviation from linearity being 
2.5% for the maximum range of the ap- 
paratus, By calibrating in the mid-range of 
each determination, this was reduced to an 
error of about i;l% and was disregarded. 

The dogs were anesthetized with Na bar- 
bital (300 mg^kg) and heparinized. In pre- 
paring the hind leg, collateral circulation was 
excluded by severing all connections as high 
on the hip as possible except for the femoral 
artery, the femoral vein, the sciatic nerve, 
and the femur. The sciatic nerve was left 
intact and carefully protected with saline- 
soaked cotton to preserve some degree of 
vasomotor control. The femur was left in- 
tact to permit immobilization of the prepara- 
tion without danger of kinking the blood 
vessels; collateral flow through the femur it- 
self is negligible.-' A cannula inserted dis- 
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Fia. 1 . 

Record illustrating method of calculating distensibilitv volume (D.V.) from flow-meter 
tracing. At point “X” the venous outflow pressure was lowered from 10 cm to 0 cm. Tims 
signal below indicates 1-second intervals. 


tally into the femoral vein was connected by 
rubber tubing to an outflow orifice. A shunt 
circuit was provided to permit normal venous 
drainage of the leg into an external jugular 
vein between flow determinations as well as 
to permit return of the blood collected in 
the flow meter after each observation. The 
outflow orifice was a short glass tube mounted 
on a rigid vertical rod to which was attached 
a centimeter scale. The vertical rod was well 
lubricated and provided with suitable stops 
so that the outflow tube could be rapidly 
shifted from one hydrostatic pressure level 
to another with a minimum of mechanical 
Jarring. To allow freedom of movement of 
this outflow tube, the connections with the 
vein represented a total length of 50 cm. 
The significant resistance to blood flow which 
might be introduced by connections of this 
length was avoided by making them of as 
large a bore as practical, the rubber tubing 
having a bore of 6 mm, and cannulae and 
connecting links having a bore of 4 mm. 
The outflow pressure as determined by the 
hydrostatic level of the outflow orifice was 
read directly in centimeters of blood, ^ zero 
pressure reference being the appro.vimate 
level of the vena cava. 

The standard recording practice w^^ to 
allow the flow to equilibrate at the initial 


5 Green, H. P., Le.vis, R. X., f 
and Heller, A. H, J. Fhysiol, 1944, 141, olS. 


outflow pressure and then record the rate of 
flow for a period of 10 seconds. The outflow 
pressure was then quickly shifted to the sec- 
ond level while the recording continued and 
in general a period of about 20 seconds al- 
lowed for equilibration of the flow at this 
new level. To maintain arterial pressure 
constant, a compensating resenmir was con- 
nected with a carotid artery and elevated to 
a hydrostatic level of 110 mm Hg. Most dogs 
of reasonable size would fill the dead space 
of the reservoir with about 200 cc of blood 
in equilibrating at this pressure, so that 
adequate blood w'as available to compensate 
for that collected in the flow' meter and which 
was temporarily lost from the circulation. As 
a check on the arterial pressure perfusing 
the preparation, optical tracings of the pres- 
sure recorded from the opposite femoral ar- 
tery w'ere superimposed on the flow record. 

Experimental Results. The nature of the 
experimental recordings is illustrated in Fig. 
1. The moment of pressure lowering (X) 
is followed by a transient steep rise which 
shortly equilibrates at a rate of flow (B) 
slightly in e.xcess of the initial flow (A). In 
measuring the records, tlie assumption was 
made that at the moment the outflow pressure 
was lowered the arterial inflow changed to a 
value equal to the venous flow achieved after 
final equilibration at B. This assumption is 
not strictly correct because there will be a 
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sliglit lag before pressure-flow relatfonsMps 
equilibrate at the new outflow-pressure level. 
.\nalysis of the outflow records with the 
thought of deriving a correction factor for 
this error, however, revealed that with 
changes in outflow pressure of only 10 cm 
HaO 'the error was too small to warrant such 
an arbitran." correction. The gush of excess 
blood accompanying the sudden lowering of 
outflow pressure or what may be termed the 
‘‘distensibility volume" (DV) may then be 
measured directly on the graph. For illus- 
trative purposes this measurement is con- 
structed graphically in Fig. 1 ; in actual prac- 
tice the records were measured in reference 
to the time signal marks to correct for any 
variations in speed of the recording paper. 

It is obvious that a comparable measure- 
ment may be obtained by the inverse pro- 
cedure of suddenly elevating the outflow 
pressure, in which case there would be a mo- 
mentary deficit in the outflow representing 
the volume of blood retained by the disten- 
sion of the system at the higher pressure. 
.■Vlternate determinations by the two pro- 
cedures have yielded values in close quanti- 
tative agreement. We have selected the first 
method for routine observations merely be- 
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Fig. 2. 

Plot of the data obtained from 2 of the dogs 
in the scries showing: the increase in volume of the 
venous bed of the hind leg produced br increases 
in the outflow pressure in the femoral* vein. 



cause of tlie subjective satisfaction of seeing 
the distensibility volume as a positis’e incre- 
ment. 

In this fashion the distensibility volumes 
for 10 cm pressure clianges in overlapping 
inter\-als for the range of 0 to 30 cm of 
blood have been determined. Simple addi- 
tion of tliese individual values permitted 
plotting the data in the conventional volume- 
pressure manner. Two representative curves 
are shown in Fig. 2. It should be especially 
noted tliat the volumes given are those in 
excess of tire volume in the system at zero 
pressure. It is unfortunate that tliis initial 
volume cannot be assessed by the present 
metlmd. 

Dhctission. .\s an alternative to disten- 
sibility measurements on isolated segments 
of veins, the present method has a major 
advantage and an important limitation. Its 
advantage resides in the fact that it reveals 
the over-all effect of a change in the central 
venous pressure on tire volume of blood 
pooled in the peripheral venous channels of 
the organ under study, and thus the values 
may be transferred directly to the interpre- 
tation of such clianges in the circulator}* 
dj*namics of the intact animal. In contrast 
to direct observations on isolated veins, how- 
ever, these data are of meager assistance in 
describing the precise physical properties of 
the si'stem. This latter problem involves far 
more than the failure to define the e.xact 
anatomical limits of the distensible system 
under study. The pressure change produced 
at the centra! end of die femoral vein will 
not be paralleled by an equal pressure change 
throughout the femoral venous bed any more 
than it will produce an equal change in the 
femoral arterial pressure. On the contrar}', 
it will represent an alteration in the normal 
venous pressure gradient, the -change in this 
gradient being ma.\*imal at the outflow can- 
nula and decreasing progressively as one 
traces the venous circuit back to the capil- 
laries. It seems highly doubtful that a 
relatively small change in central venous 
pressure would significantly alter the pressure 
in the arterial portion of the capillaries if the 
arterial pressure head remains constant, a 
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Fig. 1. 

Record illustrating method of calculating distensibility volume (D.V.) from fiow-ractcr 
tracing. At point “X” the venous outfloiv pressure was lowered from 10 cm to 0 cm. Time 
signal below indicates 1-second intervals. 


tally into the femoral vein was connected by 
rubber tubing to an outflow orifice. A shunt 
circuit was provided to permit normal venous 
drainage of the leg into an external jugular 
vein between flow determinations as well as 
to permit return of the blood collected in 
the flow meter after each observation. The 
outflow orifice was a short glass tube mounted 
on a rigid vertical rod to which was attached 
a centimeter scale. The vertical rod was well 
lubricated and provided with suitable stops 
so that the outflow tube could be rapidly 
shifted from one hydrostatic pressure level 
to another with a minimum of mechanical 
jarring. To allow freedom of movement of 
this outflow tube, the connections with the 
vein represented a total length of 50 cm. 
The significant resistance to blood flow which 
might be introduced by connections of this 
length was avoided by making them of as 
large a bore as practical, the rubber tubing 
having a bore of 6 mm, and cannulae and 
connecting links having a bore of 4 mm. 
The outflow pressure as determined by the 
hydrostatic level of the outflow orifice was 
read directly in centimeters of blood, _ zero 
pressure reference being the approximate 

level of the vena cava. 

The standard recording practice was lo 
allow the flow to equilibrate at the inUjal 


Green, nr57l^ms, KT^^T^kerson N.^D., 

[ Heller, A. H, Am. J. Thym., 1944, 141, ..IS. 


outflow pressure and then record the rate of 
flow for a period of 10 seconds. The outflow 
pressure was then quickly shifted to the sec- 
ond level while the recording continued and 
in general a period of about 20 seconds al- 
lowed for equilibration of the flow' at this 
new level. To maintain arterial pressure 
constant, a compensating reserv'oir was con- 
nected w'ith a carotid artery and elevated to 
a hj'drostatic level of 110 mm Hg. hlost dogs 
of reasonable size would fill the dead space 
of the reservoir with about 200 cc of blood 
in equilibrating at this pressure, so that 
adequate blood ivas available to compensate 
for that collected in the flow meter and which 
was temporarily lost from the circulation. As 
a check on the arterial pressure perfusing 
the preparation, optica! tracings of the pres- 
sure recorded from the opposite femoral ar- 
tery were superimposed on the flow' record. 

Experimental Results. The nature of the 
experimental recordings is illustrated in Fig. 
1. The moment of pressure lowering (X) 
is followed by a transient steep rise which 
short!}' equilibrates at a rate of flow (B) 
slightly in e.xcess of the initial flow (A). In 
measuring the records, the assumption was 
made that at the moment the outflow pressure 
was lowered the arterial inflow changed to a 
value equal to the venous flow achieved after 
final equilibration at B. This assumption is 
not strictly correct because there will be a 
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slight lag before pressure-flow relationships 
equilibrate at the new outflow-pressure level. 
Analysis of the outflow records with the 
thought of deriving a correction factor for 
this error, however, revealed that with 
changes in outflow pressure of only 10 cm 
HoO the error was too small to warrant such 
an arbitrary correction. The gush of excess 
blood accompanying the sudden lowering of 
outflow pressure or what may be termed the 
“distensibility volume” (DV) may then be 
measured directly on the graph. For illus- 
trative purposes this measurement is con- 
structed graphically in Fig. 1 ; in actual prac- 
tice the records were measured in reference 
to the time signal marks to correct for any 
variations in speed of the recording paper. 

It is obvious that a comparable measure- 
ment may be obtained by the inverse pro- 
cedure of suddenly elevating the outflow 
pressure, in which case there would be a mo- 
mentary deficit in the outflow representing 
the volume of blood retained by the disten- 
sion of the system at the higher pressure. 
Alternate determinations by the two pro- 
cedures have yielded values in close quanti- 
tative agreement. We have selected the first 
method for routine observations merely be- 



Fjo. 2. 

Plot of tile data obtained from 2 of the dogs 
in the scries showing the increase in voUime of the 
venous bed of tlic hind leg produced by increases 
in tlie outflow pressure in the fcmoral'vein. 


cause of the subjective satisfaction of seeing 
the distensibility volume as a positive incre- 
ment. 

In this fashion the distensibility volumes 
for 10 cm pressure changes in overlapping 
intervals for the range of 0 to 30 cm of 
blood have been determined. Simple addi- 
tion of these individual values permitted 
plotting the data in the conventional volume- 
pressure manner. Two representative curves 
are shown in Fig. 2. It should be especially 
noted that the volumes given are those in 
excess of the volume in the system at zero 
pressure. It is unfortunate that this initial 
volume cannot be assessed by the present 
method. 

Discussion. .As an alternative to disten- 
sibility measurements on isolated segments 
of veins, the present method has a major 
advantage and an important limitation. Its 
advantage resides in the fact that it reveals 
the over-all effect of a change in the central 
venous pressure on the volume of blood 
pooled in the peripheral venous channels of 
the organ under study, and thus the values 
may be transferred directly to the interpre- 
tation of such changes in the circulatory 
djmamics of the intact animal. In contrast 
to direct observations on isolated veins, how- 
ever, these data are of meager assistance in 
describing the precise physical properties of 
the system. This latter problem involves far 
more than the failure to define the exact 
anatomical limits of the distensible system 
under study. The pressure change produced 
at the central end of the femoral vein will 
not be paralleled by an equal pressure change 
throughout the femoral venous bed any more 
than it will produce an equal change in the 
femoral arterial pressure. On the contrary, 
it will represent an alteration in the normal • 
venous pressure gradient, the -change in this 
gradient being ma-ximal at the outflow can- 
nula and decreasing progressively . as one 
traces the venous circuit back to the capil- 
laries. It seems highly doubtful that a 
relatively small change in central venous 
pressure would significantly alter the pressure 
in the arterial portion of the capillaries if the 
arterial pressure head remains constant a 
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relationship which justifies our use of the 
present method to study venous distensibility. 
However it also leaves in doubt a knowledge 
of the precise pressure changes produced in 
those segments of the venous bed which are 
yielding the distensibility volume when the 
central venous pressure is lowered. In ad- 
dition it must be recognized that measure- 
ments of venous distensibility in situ are not 
determined solely by the properties of the 
vein walls, but may be influenced to some 
extent by the tension in extra-vascular sup- 
porting structures.’- 

The results obtained as illustrated in Fig. 
2 reveal a volume-pressure relationship that 
e.xhibits the same trend as has been found 
typical of other blood vessels. The relation- 
ship is roughly linear o\'er the pressure range 
of 0 to 20 cm of blood, the range which may 
be regarded as the range of normal physio- 
logical variation. Above this pressure the 
system appears to be approaching its elastic 
limit as the curves show a significant flatten- 
ing in the 20 to 30 cm range. The actual 
magnitude of the distensibility volumes, 
moreover, is in accord with inferences de- 
rived from measurements on large veins which 
indicate a relatively Ioav distensibility for the 
venous system. For a pressure change of 0 
to 20 cm we observed an average distensibiliU'- 
volume of only 4.7 cc for the entire venous 
system in the hind leg of the dog as compared 
with an actual blood flow that averaged 31.3 
cc/min. at an outflow pressure of 0 cm. As 
central venous pressure rises above this nor- 
mal range the rigidity of the veins becomes 
even greater. This indicates that the venous 


sj^stem of the hind leg serves fairly efficiently 
as a network of pipes returning the blood 
from the periphery to the heart. 

A complete evaluation of these clisten- 
sibilit}' characteristics would require in- 
formation as to the total venous volume of 
the hind leg. We are not satisfied, however, 
that valid estimates of the average venous 
volume of the hind legs of mongrel dogs can 
be made with information or methods that 
are at present available. It should also be 
emphasized that the distensibilit.v measure- 
ments reported here deal strictly with passive 
changes in venous volume \rithout any* con- 
sideration of changes in the volume of the 
venous bed which might be produced by 
venomotor action. There is ample evidence 
that active changes in the vein walls can 
occur,® but there is no conclusive evidence to 
demonstrate their significance in vivo. 

Sununary. The gush of e.xcess blood that 
appears in the venous outflow from an organ 
when the outflow pressure is suddenly lowered 
has been selected as an index of the disten- 
sibility of the venous system of that organ. 
With the aid of a new type of flow meter to 
quantitate venous outflow, tin's phenomenon 
has been studied in innervated hind legs of 
anesthetized dogs. The results indicate a 
relatively low distensibility in the venous 
system of the hind leg of the dog; the volume- 
pressure data demonstrating a fairly' linear 
relationship in the venous pressure range of 
0 to 20 cn7 of blood, with a trend toward 
even iess distensibility at higher pressures. 

c Franklin, Iv. J., J Monograph on Vfiits, 
Cli.arics C. Tlionias, Springtiold, 111., 1937. 



415 


16324 

Absence of Prolongation of Pseudopregnancy by Induction of Deciduomata 

in the Mouse.* 


Shirley A. Kajiell and William B. Atkinson. 

From ihe Department of Anatomp, College of Physicians and Surgeons, Columbia Vniversity, 

Neto Tori:. 


The similarity of the deciduomal reaction 
to the maternal placenta has prompted sev- 
eral investigations of the possibility that 
phenomena associated with pregnancy might 
be found in animals bearing deciduomata. 
Hammond^ observed that the mammary de- 
velopment of the pseudopregnant rabbit was 
not enhanced fay the presence of the reaction. 
Similar results were obtained by Nelson- who 
found also that surgical removal of the deci- 
duomata did not initiate lactation. More re- 
cently, however, Ershoff and DeueP have re- 
ported that although the presence of dedduo- 
mata did not effect the mammary develop- 
ment of the pseudopregnant rat, their pres- 
ence was associated with a marked delay in 
the recurrence of estrous vaginal smear. In 
the normal untreated rat the duration of 
pseudopregnancy averaged 13.7 days; if ^ 
deciduomata were induced by traumatizing 
the uterus on the fourth day, estrus did not 
recur before the twenty-second day. 

The present experiment was performed to 
determine whether the induction of deciduo- 
mata in the mouse would prolong the dura- 
tion of pseudopregnanc}' as has been reported 
in the rat. 

Experimental. Twenty young adult female 
mice of the Swiss albino strain were mated 
with vasectomized males. Vaginal smears 
were made on the day following copulation 
and were taken daily until the appearance 

Aided by .a gr.ant, administered by Dr. Philip 
E, Smith, from the Eockcfcller Foundation, New 
York. 

r Il.ainnioiid, J., Proc. Foyal Sac. B, 1917, 89, 
534. 

-Nelson, IV. O., Anat. Bee., 1932, 54 (suppl.), 
50. 

a Ershofl, B. II., and Deuel, H. .T., Pnoc. Soc. 
E.xp. Biol, a.vd Med., 1943, 54, 157. 


of a completely cornified smear indicated the 
recurrence of estrus. .A control group of 10 
mice received no further treatment. In the 
remaining 10 animals deciduomata were in- 
duced by placing longitudinal sutures in the 
lumina of each uterine horn on the third day 
after mating. At the end of the e-vTieriment 
these animals were autopsied and the uteri 
examined grossly to ascertain the presence of 
deciduomal responses. 

In the untreated pseudopregnant mice 
estrus recurred 11.3±0.68 days after mating; 
in the group of animals in which deciduomata 
had been induced, estrus recurred 10.7 ±0.46 
days after mating. 

Discussion. The present results show that 
the presence of deciduomata has no significant 
effect on the duration of pseudopregnancy in 
the mouse. The marked prolongation of 
pseudopregnancy in the rat under similar cir- 
cumstances" indicates a decided species dif- 
ference. The nature of the physiological 
processes involved is not clear, since in most 
respects the tivo species exhibit very similar 
reproductive phenomena. .A clue may' be 
provided, however, in the report of .Atkin- 
Eon'* that in the mouse deciduomata induced 
on the third day of pseudopregnancy persist 
intact only until the seventh day and then 
rapidly degenerate. In the rat, on the other 
hand, Ershoff and Deuel" report that the 
deciduomata persist intact until the four- 
teenth day. Since it has been shown that 
the persistence of the deciduomal reaction is 
dependent on the presence of a high level of 
progesterone,^ we may assume that the pro- 
longation of pseudopregnancy in the rat is 
the result of prolonged luteal activity. The 
mechanism by which this is effected in the 

4 Atkinson, ’W. B., Anat. P,ec., 1944, 88, 27E~ 
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rat but not in the mouse must remain un- 
explained at the present time. 

Summary. Unlike the rat, the induction 
of deciduomata does not prolong pseudo- 


pregnancy in the mouse. The mechanism re- 
sponsible -for this marked species difference 
in response to apparently identical phi-sio- 
logical conditions is obscure. 
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Circulating Antibodies in Vitamin Deficiency States; II. Thiamin and 

Biotin Deficiencies. 

B. B. Carter and A. E. Axeerod. (Introduced by Ralph R. Mellon.) 

From the Institute of Pathology, Western Pennsylvania Sospiinl, and Department of Chem- 
istry, University of Pittsburgh, Pittsburgh, Pa. 


Introduction. In the first paper of this 
series/ we presented data concerning the 
effects of pyrido.xin, pantothenic acid, and 
riboflavin deficiencies upon antibody produc- 
tion by the rat in response to human red blood 
cells as antigenic stimulus. The present paper 
deals with the effects of thiamin and biotin 
deficiencies upon antibody production under 
similar experimental conditions. 

Experimental. Male weanling albino rats 
of the Sprague-Dawley straSn were distributed 
as indicated in Table I. The animals were 
housed individuali3' in wide-mesh, screen- 
bottom cages and weighed weekly. Both the 
thiamin-deficient rats and their controls re- 
ceived a basal diet with the following per- 
centage composition; sucrose, 56.76; Labco 
“vitamin-free” casein, 25.00; salts." 4.00; 
cod liver oil, 2.00; hydrogenated vegetable 
oil, 10.00; corn oil, 2.00; choline chloride, 
0.20; f-inositol, 0.03; and 2-methyI-I, 4- 
naphtlioquinone, 0.001. For the biotin-de- 
ficient rats and their controls, this diet was 
modified by replacing 60% of the casein with 
dried egg white. All rats received additional 
vitamins in the form of a daily pill. Each 
of the pills given to the 2 control groups 
supplied the following vitamins: thiamin, 
40y; riboflavin, 6O7; calcium pantothenate. 


l^Vsclrod, A. E., C,-wtor, B. B., McCoy, It. H., 
and Geisinger, B., Bnoc. Soc. E.vr. Biol. .«n 
Meb., ISU, CO, 137. j 

Tones, J. H., 

1912, 34, 245. 


2OO7; pyrido.xin, SO7; biotin, 47; folic acid, 
I7; nicotinic add, IOO7; and p-aminahemok 
acid, Img. For the thiamin- and biotin-de- 
ficient groups, the appropriate vitamin was 
omitted from the pill. The basal diets were 
fed ad libitum to the 2 deficient groups, while 
the daily food intake of each rat in the con- 
trol groups tvas restricted to that consumed 
during the previous day by its paired member 
in tlie corresponding deficiency group. 

In Series I, immunization of the thiamin- 
deficient rats and their controls was begun 
'after 3 weeks on e.vperiment. At this time, 
the animals were progressive}}' losing weight. 
Three of the controls and 2 of the deficient 
rats died during the immunization period. 
Because of this high mortality, this e-xperi- 
ment was repeated e.\-actly in Series II and 
immunization was instituted after 2 weeks. 
•Although a similar weight loss occurred, no 
mortality was noted. The biotin-deficient 
rats and their controls of Series I were im- 
munized after 6 weeks on e.Nperiment, At 
this time, the deficient animals had plateaued 
in weight and e.vhibited the Upical symptoms 
of biotin deficiencj’, i.c., alopecia, dermatitis, 
blepharitis, and cheilosis. 

10% suspension of washed. Group 0, 
Rh positive human erythrocytes in normal 
saline was given infraperitoneal]}’ as antigen. 
.-\n initial dosage of 0.5 ml of the red cell 
suspension was followed bi' 2 one cc injec- 
tions. Inoculations were made on alternate 
daj’s. Five daj’s after the final injection the 
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TABLE I. 


Snmmary of Growth and Food Consumption Kecords. 


Scries 

Group 

Ko. of rats 

Body weight* 

Daily food 
consumption* 

Initial 

Final t 

I 

TMamin-deficient 

8 

42 

41 

2.9 


Thiamin control 

2 

41 

55 

2.9 


Biotin-deficient 

10 

43 

17G 

9.0 


Biotin control 

4 

44 

218 

9.6 

II 

Thiamin-deficient 

8 

G1 

64 

4.4 


Thiamin control 

8 

61 

70 

4.4 


* Group avg in g. 
t At the time of bleeding. 


TABLE II. 


INDIVIDUAL HCMAGGUjriNIN TITERS* 


T(T£RS 

TH;A.V K 
.DTS-C'-sr 

j 

5 CT'»; 

Z'OT*»J 






1230 

o 

0 A ^ 


0 0 

640 

o 


O 

0 o 

320 

000 A 


OOO 0 0 


<60 

AAOA 


0 0 0 0 

' 

60 

o 




40 





20 






'* O . I , ^ JL 


rats were bled and the serums tested for ag- 
glutinin titer as previously described.* Serums 
of rats from our stock colony possessed no 


agglutinins for human Group 0, Rh positive 
red blood cells. 

Results. The individual hemagglutinin 
titers are recorded in Table II. It is etddent 
that the content of circulating antibodies in 
the thiamin and biotin deficient rats was less 
than that of the control rats. It is of in- 
terest that the decreases noted in the present 
work are not as marked as those previously 
obsen'ed, in pyridoxin and pantothenic acid 
deficiencies.* It would seem, therefore, that 
biotin and thiamin are not as critical as pyri- 
doxin and pantothenic acid for optimal anti- 
body response. 

Stoerk, Risen and John® and Ruchman* 
failed to observe any influence of a thiamin 
deficiency upon antibody response in the rat. 
A direct comparison of our results with those 
of these workers is difficult because of the 
variance in experimental procedures. 

Summary. (1) Hemagglutinin production 
in response to inoculation with human 
erythrocytes has been investigated in thia- 
min- and biotin-deficient rats. (2) A mod- 
erate impairment of antibody response was 
obser\''ed in both deficiencies. 

3 Stoerk, H. C., Eisen, H. N., and John, II. "il^ 
J. Exp. Med., 1947, 85, 3G5. 

iBuclmiaTi, I., J. Xmmxmot., 1940, 53, 51, 
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Wound Healing in Rats with Biotin, Pyridoxin, or Riboflavin Deficiencies, 

Milton D. Bosse and A. E. Axelrod. (Introduced by Ralph R. ^Mellon.) 

From the Insiitute of Faihotogy, Western Pennsylvania Hospital, Pitfslinryli, Pa, 


Retardation of wound healing due to de- 
ficiency of vitamin C has long been recognized 
and the cytologic alterations in wounds con- 
sequent to such deficiency have been de- 
scribed. Hunt^ demonstrated tinctorially 
that the primary defect of wounds in scorbutic 
guinea pigs is the immaturity of the inter- 
cellular matrix produced by fibroblasts. The 
role which vitamin deficiencies other than 
that of vitamin C may play in wound heal- 
ing has not been adequately studied. 

It is the purpose of the present communica- 
tion to record qualitative and quantitative 
differences in the healing of 240 wounds in 
60 young rats of uniform strain, evenly dis- 
tributed to include normal controls and those 
with deficiency of either riboflavin, pyridoxin, 
or biotin. 

Methods: Care of Animals. Weanling, 
male, albino rats from the Sprague-Dawley 
strain were divided into 4 groups of 15 each. 
One group, sem'ng as controls, was fed a 
basal diet of the following composition: suc- 
rose 76, Labco casein (“vitamin-free”) 18, 
salts- 4, and corn oil 2, Each rat received 
the following vitamins daily in a supplement 
dish: thiamin HCL 30y, pyrido.xin HCl JOy, 
riboflavin 30y, nicotinic acid 2S0y, calcium 
pantothenate lOOy, choline chloride 10 mg, 
and f-inositol 3 mg. The riboflavin- and 
pyridoxin-deficient groups received the same 
basal diet and supplements as the controls, 
except for the omission of riboflavin and 
pyrido.xin, respectively. For the bioiin-dc- 
ficient group the basal diet was modified by 
substituting S6fo of the casein by powdered 
egg white. The vitamin supplements were 
identical with those of the control group. 

The animals were housed in individual 

1 Hunt, A. H., Brit. J. Sury., 1941, 28, 43G. 

SHegsted, B. M., Mills, E. C., Elvel..ieni. C. A., 
.-md H-irt, E. B., J. Piol. C/icm., 1941, 1»8, 459. 


cages with wide-mesh screen bottoms and the 
basal diets were fed ad libitum. Each rat 
was given 2 drops of Abbott's haliver oil 
(plain) containing 1.3 mg of added d. In- 
tocopherol acetate, weekly, by mouth. The 
rats were weighed each week. 

Production and Characterization of 
Wounds. After S weeks on the respective 
diets, standard wounds (Series I) were pro- 
duced on the lateral aspects of each thigh 
in the following manner: By means of a 
special stamp a circle 13 mm in diameter 
was outlined upon the shaved skin with car- 
bol-fuchsin. Under ether anesthesia, by care- 
fully following the outline of this circle with 
an electric knife, a button of skin extending 
down to the loose fascia was removed. The 
intensity of the current was such that the 
cautery effect did not extend more than one 
mm beyond the line of excision. No attempt 
was made to establish aseptic conditions or 
to cover the wounds. The resulting ulcers, 
together with a rim of apparently normal 
skin, were excised under ether anesthesia 3, 6, 
14, or 20 days later. The skin edges were 
approximated with cotton sutures after ex- 
cision of the ulcers. The excised ulcers were 
fi.xed in formalin. 

.A second series of wounds was made in 
the same animals 3 weeks following the pro- 
duction of the first series. The procedure 
was identical with that of the first series, but 
the site of the wounds was now on both lateral 
sides of the chest. The lower border of the 
wounds was over the last rib. Three animals 
from each group were sacrificed at 3 and at 
6 days, respectively. The animals were 
placed in formaldehyde solution, and the 
ulcers e.xcised after fi.vation. Five of the re- 
maining animals in each group were sacrificed 
at 14, and the other 4. at 20 days, and the 
ulcers similarly e.xcised. 



Wound Heading and Biotin, Pyridoxin, or RIBOFI,A^^N 


4i9 


Paraffin sections were prepared from a 
block which was cut as nearly as possible 
through the center of the ulcer. These sec- 
tions were stained with hematox>din 
eosin, a combination of the Van Gieson and 
the Weigert elastic tissue stains, and the 
Wilder reticulum stain. 

The healing process in each section was 
studied with regard to the following charac- 
teristics; 

1. Demarcation and separation of de- 
vitalized tissue. 

2. The epithelialization of the ulcer. 

3. The relative amount of collagen in the 
scar tissue, as indicated by pink fibers in the 
Van Gieson, and non-argyrophilic fibers in 
the reticulum stain. 

4. The relative amount of precollagen in 
the scar tissue, as indicated by yellow fibers 
in the Van Gieson, and argyrophilic fibers in 
the reticulum stain. 

5. The density of the scar tissue. 

6. The vascularity of the scar tissue. 

7. The cellular infiltration of the scar 
tissue. 

Results. Obsen’ations on wounds of 
Series I and II are combined since significant 
differences between the two series were not 
observed. 

General Effects of Dietary Deficiencies. 
.■Ifter 5 weeks on the respective diets (the 
time at which the first wounds were inflicted) 
the average weights were as follows; biotin- 
deficient group, 127 g", pyridoxin-deficient 
group, 82 g; riboflavin-deficient group, 59 g: 
and control group, 176 g. The average 
weights of the vitamin-deficient groups re- 
mained fairly constant thereafter, whereas 
that of the control group continued to in- 
crease throughout the experiment. Besides 
the retardation in growth, the animals re- 
ceiving vitamin-deficient diets developed the 
symptoms characteristic of the respective de- 
ficiencies. These sj-mptoms were more severe 
during the healing of the second wounds than 
they were while the first wounds were heal- 
ing. 

Gross Observations of Wounds. At no 
time was there gross evidence of infection. 
.'Ill wounds remained drj- and clean. The 


ulcers of the control and biotin-deficient 
groups appeared to heal equally rapidly, 
while the healing of the ulcers of the pyri- 
doxin- and riboflavin-deficient groups was 
strikingly delayed. There was also a con- 
siderable difference in the thickness of the 
skin of the rats, detectable by palpation. 
The skin of the control and biotin-deficient 
groups was moderately thick, in contrast to 
the thin skin of the other two groups (con- 
firmed by microscopic measurement). 

Toward the end of the first week follow- 
ing the production of the wounds, the ulcers 
of the control and biotin-deficient groups 
were definitely smaller than those of the other 
two groups. Since microscopic section at this 
time showed very little epithelial or con- 
nective tissue growth, the difference in the 
size of the ulcers could be explained only on 
the basis of a difference in the contraction of 
the skin about the ulcers. 

The ulcers of the control and biotin-de- 
ficient groups were healed at 14 days and 
those of the pyridoxin- and riboflavin-de- 
ficient groups, at 20 days. 

Microscopic Observations of Wotmds (see 
Fig. 1). An early reaction in the wounds 
is a narrow zone of leukocytic infiltration 
which forms at the junction of devitalized 
tissue (from the cauterj' effect of the cutting 
current) with viable tissue. This leukocytic 
zone of demarcation extends from the epi- 
dermis to the base of the ulcer. Epithelium 
regenerating from the surface and from sweat 
glands and hair-follicles adjacent to the leuko- 
cytic zone grows immediately subjacent to 
the latter. Later a cleft develops in the leu- 
kocytic zone which marks the beginning 
separation of this de\'italized tissue. Because 
of the similarity of this process to the seques- 
tration of necrotic bone, it will hereafter be 
referred to as sequestration. The separating, 
necrotic, burned tissue becomes an integral 
component of the eschar, together with dried 
serum, condensed fibrin, blood, and cellular 
exudate. 

Biothi-dcficicnt group. During the first 
2 weeks there is some retardation in collagen 
production and in the density of the granula- 
tion tissue, while the amount of precollagen 
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Fig. 1. 

PhotomicrO£;i-nplis of representative arc.is of lA-day old wounds st!nne<l 
with a combination of the AL-in Gieson and the IVeigert elastic tnisue staii^, 
y 130. A is from a control rat ; B, from a riboilavin-dehcient raf . C. from 
a pyridoxin deficient rat; and D, from a biotin-deficient rat. 


and the vascularity are greater than is seen 
in the normal animal. At 20 days the scar 
is identical with that of the control. 

Pyridoxin-dcjicmit group. Initially there 
is retardation of leukocytic reaction and m 
the development of granulation tissue Epi- 
helialization is delayed throughout. -Al- 
though terminallv these ulcers are epithelia- 

Sunt orprecrflalen. The latter is absent 


at this time in the control and biotin-deficii 
groups. The scar tissue is less dense, mi 
vascular, and more cellular than that of t 
control group. During the course of heali 
there is retardation of four to seven days 
the evolution of the lesion, as compared wi 
that of the control group. 

Ribojlaviii-dcpckiit group. There is aei; 
not only in the evolution of the granulatii 
tissue, but also in the cpithcliaIi»tion of tl 
ulcer. Granulation tissue is tardy in appea 
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ance and .terminally it contains a decreased 
amount of collagen with considerable admix- 
ture of precollagen. The scar is less dense 
than that of the control group, but more 
dense than that of the pyridoxin-deficient 
group. The vascularity and cellularit}’' are 
increased. 

Discussion. Disturbance in the production 
of collagen is generally considered character- 
istic of scur\'y, but is also known to occur in 
hypoproteinemia. The results obtained in 
the present experiments indicate that a sim- 
ilar disturbance is associated with deficienc}' 
of biotin, pyridoxin, or riboflavin in rats. 
However, the retardation of collagen produc- 
tion in these vitamin-deficiencies is less pro- 
nounced and less persistent than in scurvy. 

The pyridoxin- and riboflavin-deficient 
groups exhibit, in addition, delayed contrac- 
tion of the wound as obseix'ed grossly, and 
tardy exudation; the latter resulting in de- 
layed sequestration and production of granu- 
lation tissue. The residual increased vas- 
cularity and correlative decreased density of 
the scars of the pyridoxin- and riboflavin- 
deficient groups are further indications of 
retardation in wound healing which are logi- 
call}' associated with the terminally decreased 
collagen and increased precollagen. 


The wound of biotin-deficient animals ex- 
hibits a somewhat diminished density and de- 
creased collagen content of the scar. There 
is no retardation of exudation or of granula- 
tion tissue production. Terminally the scar 
is indistinguishable from that of a normal 
animal. 

The role which inanition plays in the re- 
tardation of wound healing is difficult to 
assess. It may or may not be coincidence 
that the greatest retardation in wound heal- 
ing occurs in animals where inanition is also 
maximal — in the riboflavin- and pyridoxin- 
deficient groups. Howe%^er, while the re- 
tardation in ivound healing is greater in pyri- 
doxin-deficient rats than in the riboflavin-de- 
ficient animals, inanition is greater in the 
latter than in the former. 

Summary. The process of wound healing 
has been observed in rats exhibiting severe 
deficiency of biotin, pyridoxin, or riboflavin. 
Marked impairment of rate and quality of 
healing was noted in the pyridoxin- and ribo- 
flavin-deficient groups. The biotin-deficient 
group showed only mild delay in healing. 

We are indebted to Merck and Company, Inc., 
for the B vitamins used in these studies. 
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Peptidases in Human Serum.*" 


Virginia T. Barber, Karl Stern, Brigitte A. Askonas, and Andrea ;M. Cullen. 
(Introduced b\’^ J. S. L. Browne.) 

From the Department of Psychiatnj. McGill VniversUy. 


Although the existence of proteolytic en- 
zymes in blood serum and leucocytes has long 
been recognized, no definitive work has been 
done in this field until recent years (cf. re- 
view of the early literature, Opie^). 

With the development of the use of syn- 
thetic di- and tri-peptides as substrates, a 

* Tills study nas aided by .-i grant from tlie 
Jolin and Mary JIarkIc Foundation. 

1 Opic, E. L., Physiol. Pcv., 1922, 2, 532. 


quantitative microtitration technique was de- 
vised for the determination of peptidase 
hydroh'sis (Grassmann and Heyde,^ Abder- 
halden and Hanson," iMaschmann,'* Fruton,® 

: Grassmann, W., and Hcyde, W., 2. physiol. 
Chem., 1929, 183, 32. 

3Abdcrlialden, E., and Hanson, H., Fcrment- 
forsch., 1937, 13, 382. 


^ Maschmann, E., Biochem. Z., 1911, 308, 359 
= Fruton, J. S., J. Biol. Chem., 1940, ICC, 721.‘ 
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TABLE I. 

Hydrolysis of LGG, GL, and GG by Honiial Hiim.aii Serum. 

(The hydrolysis of LGG is most rapid and considerably activated bv cobalt ions.) 

Substrate .05 H 

cc human serum 
per ce test sol. 

Aletal ion 

llydroly.sis 
per hour 

LGG 

.i 

(avg of o) 

7.S 


.4 

Mg (.01 M) 

o.O 


.4 

Mn (.001) 

0.0 


.4 

Oo (.001) 

9.G 

GL 

.4 

(avg of 4) 

2.3 


.4 

Mg (.01 M) 

1.2 


.4 

Mn (.001) 

3.4 


.4 

Co (.001) 

2.5 

GG 

.4 



0.0 


.4 

Co (.001 M) 

3.0 


* % per hour of the hydrolysis expected on the complete splitting of one peptide linkiige. 


and Holman e/ al.^). Except for some pre- 
liminarjr observations on pathological human 
serum with 1-leucylglycylglycine as substrate 
(Grassmann and Heyde") the method has 
found no clinical application thus far. 

A study was undertaken to investigate pro- 
teolytic activit}'' of the human serum in clin- 
ical conditions associated with ageing. As a 
preliminary step, however, it was necessary 
to study this function in normal control sub- 
jects and under various conditions involving 
leucocytosis and tissue proliferation. 

Method. Blood was obtained from non- 
fasting subjects b}’’ venous puncture. Serum 
was prepared by centrifugation. 

The tri-peptide 1-leucylglycyIglycine (LGG) 
and the di-peptides glycyl-l-leucine (GL) and 
glycylglycine (GG) were used.^ In the ac- 
tivation studies the method described by 
Maschmann^ was followed, in which 0.01 M 
cobalt, 0.01 M manganese or 0.1 H mag- 
nesium were added as sulphates. The reac- 
tion was carried out in a water bath at 39 °C 
in 2.0 ml volumetric flasks containing 0.05 
mM/cc of the substrate. The pH was main- 
tained near pH 7.8 with 0.01 M phosphate or 
veronal buffer, both of which were found to 
be equally effective. 0.01 ml of tolue ne was 


SlTolman. U. I?-, AVhitc, A., .-.ml Fraton, J. S., 
toe. Soc. EXP. Biol, 

TGrassmami. W., ami ircyile, B., X. plorsml. 


cm., 1D30, 188, 09. 

^ These pepfulos vcrc oWained 

nrtesy of Pr. M. S. Bum at the linccr--in 

liforiiia in Los An^chs. 


added to each tube as preservative. In the 
preliminary e.vperiments on LGG, GG and 
GL, 0.4 cc of serum per ml of reaction mix- 
ture were used. With cobalt as activator, 
the concentration of serum was reduced to 0.2 
cc per ml of test solution in the studies on 
LGG. The e.xperiments on the II normal 
control subjects and the pathological cases 
were carried out on LGG with this serum 
concentration. The rate of proteolytic hy- 
drolysis was followed in triplicate according 
to the titration method of Grassmann and 
Heyde.- Four readings were taken over a 
period of 7 hours, following a zero time 
determination. The results were corrected 
for serum and substrate controls which were 
run simultaneously. The rate of activity per 
hour was calculated from the slope of the 
zero order plot of the per cent hydroh'sis 
versus time (per cent hydrolysis equals per 
cent of the hydroh’sis e.xpected on the com- 
plete splitting of one peptide linkage). 

Subjects. Eleven members of the staff 
(5 males and 6 females) ranging in age from 
24 to 47 years were studied as normal con- 
trols. Investigations were carried out on 10 
subjects suffering from various pathological 
conditions. These included dental e.vtraction, 
postpartum infections, fractures, aleukemic 
leukemia, cancer and non-malignant lunior. 

Results. The results are presentw! in 
Tables J and 11. In the serum of H normal 
control subjects the rate of liydroiysis ranged 
from 6.1 to /.S^riiour with an average of 
7.2±;0.7S%, 
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TABLE II. 


Action of Serum Peptirlases in Various .Abnormal Conditions.* 


Diagnosis 

Condition 

Age 

Sex 

Hydrolysis 
% per br 

Vulvar carcinoma, epilepsv 

Sed. rate 39 

39 

F 

9.4 

Cervical carcinoma 

” •- 30 

4.7 

F 

5,2 

}} 

” 52 

52 

F 

10.9 

2\on-raalignant tumor 

” ”49 

4f. 

F 

6.4 

Aleukemic leukemia 

"WBC: 6.500/cu mm 

Lym.: 4,0S0/cu mm 

High sed. rate 

47 

M 

7.4 

Postpartum pneumonia 

6tli dav postpartum 
lOtb ” ” 

23 

F 

11.0 

7.6 

” infection 

Penicillin treatment 
loth day postpartum 

29 

F 

9.6 

Leg fracture 
.* ? ? » 

Fever 4tti dav after fracture 

5S 

51 

13.0 

Dav of fracture 

62 

51 

12.6 

Lumbar and arm fracture 

Day of fracture 

Gill dav 

35 

F 

14.6 

S.4 

Dental extraction 

1 day after 

26 

F 

5.5 


* The reaction mixture consisted of 0.05 M LGG. 0.001 cobalt. 0.01 M veronal or phosphate 
buffer; 0.2 ce of serum were used per cc of reaction mixture. 


The manner of compiling the data is illus- 
trated in Fig. 1. 

Discussion. The present investigation 
shows that there e.vists in human serum a 
cobalt-activatable LGG-splitting peptidase. 
The rate of hydrolysis is uniform in healthy 
adult subjects and there are considerable 
deviations from this normal range in various 



llydroly.si? of LGG by scrnni from a ca^o of 
poptp;'rtum pneumonia. It may be rccn that the 
kinetics of the re.action are of a zero order 


pathological conditions. The results obtained 
in this study (Table I) agree with the data 
of Grassmann and Heyde' on human serum. 
Fruton^ calculated from this data a value of 
0.035% hydrolysis per minute (K°LGG) for 
O.l ml of serum per ml of test solution. Since 
we found direct proportionality between 
serum concentration and rate of reacUon,i 
our data yields a corresponding K'LGG of 
0.030=0.01. 

From our limited number of cases more de- 
tailed conclusions can be drawn onl\' with 
great reservation. The fact that the rate of 
hydrolysis was highest in cases of puerperal 
infection and fractures,, and decreased with 
the progress of healing, suggests further 
studies along the lines of tissue reaction and 
repair. This is also indicated by the observa- 
tions of Zamecnik ef al.^ who reported a rise 
of serum peptidases in animals followina 
burns. 

Sunnnary. The rate of hydrolysis of 1- 
leucylglycylglycine by the cobalt activatable 
peptidase in human serum shows little varia- 
tion in normal adults, but is increased in 
certain pathological states, particularly in 
fractures and postpartum infections. 

i Cnpublishcd crpcriniciits. 

s Zamecnik, P. C., Stephenson, M. L., .ana Cope 
O., J. Biol. Chem.. 1P45, 13S. I3.0. ’ 
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TABLE I. 

Hydrolysis of LGG, GL, and GG by Konnal Human Serum. 

(The hydrolysis of LGG is most rapid and considerably activated by cobalt ioiis.) 


Substrate .05 M 

CO human serum 
per ce test sol. 

Metal ion 

Hydrolysis 

per hour 

LGG 

.4 

(avg of 5) 

7.3 


.4 

Mg (.01 M) 

5.0 


.4 

Mn (.001) 

0.5 


.4 

Co (.001) 

9.G 

GL 

.4 

(avg of 4) 

2.3 


.4 

Mg (.01 M) 

1.2 


.4 

Mn (.001) 

3.4 


,4 

Co (.001) 

2.5 

GG 

.4 



0.0 


.4 

Go (.001 M) 

3.0 


* % per hour of the hydrolysis expected on the complete splitting of one peptide linkage. 


and Holman et al.^). E.vcept for some pre- 
liminary observations on pathological human 
serum with l-leucylglyc 3 dgl\"cine as substrate 
(Grassmann and Hej'de') the method has 
found no clinical application thus far. 

A study was undertaken to investigate pro- 
teolytic activity of the human serum in clin- 
ical conditions associated with ageing. As a 
preliminary step, however, it was necessary 
to study this function in normal control sub- 
jects and under various conditions involving 
leucocytosis and tissue proliferation. 

Method. Blood was obtained from non- 
fasting subjects by venous puncture. Serum 
was prepared by centrifugation. 

The tri-peptide 1-leucylglycylglycine (LGG) 
and the di-peptides gh-cj-l-l-leucine (GL) and 
glycylglycine (GG) were used.t In the ac- 
tivation studies the method described by 
jMaschmann^ was followed, in which 0.01 31 
cobalt, 0.01 31 manganese or 0.1 31 mag- 
nesium were added as sulphates. The reac- 
tion was carried out in a water bath at Sb’C 
in 2.0 ml volumetric flasks containing O.OS 
m3I/cc of the substrate. The pH was main- 
tained near pH 7.S with 0.01 31 phosphate or 
veronal buffer, both of which were found to 
be equally effective, 0.01 ml of toluene was 

Pboc Soc. exp. Bior,. axp Med., 194,. l.i>. 

^GraBsmanm tV., nml Hcyde, tV.. /• 

obtalnea G.rovgb O.e 

: If -nr M p I'’"'-"''’*-'' 

eonrtosy of Vt. -'i- 

CnVifoimn in Los Angoics. 


added to each tube as preservative. In llie 
preliminarj' experiments on LGG, GG and 
GL, 0.4 cc of serum per ml of reaction nii.';- 
ttire were used, IVith cobalt as activator, 
the concentration of serum was reduced to 0.2 
cc per ml of test solution in the studies on 
LGG. The e.xperiments on the 11 normal 
control subjects and the pathological cases 
were carried out on LGG with this serum 
concentration. The rate of proteoh'tic hj'- 
drolysis was followed in triplicate according 
to the titration method of Grassmann and 
Heyde." Four readings were taken over a 
period of 7 hours, following a zero time 
determination. The results were corrected 
for serum and substrate controls which were 
run simultaneoush’. The rale of activity per 
hour was calculated from the slope of the 
zero order plot of the per cent hj'droh'sis 
versus time (per cent hj’drolysis equals per 
cent of the hydrolysis e.xpected on the com- 
plete splitting of one peptide linkage). 

Subjects. Eleven members of the stafT 
(5 males and 6 females) ranging in age from 
24 to 47 years were studied as normal con- 
trols. Investigations were carried out on 10 
subjects suffering from various pathological 
conditions. These included dental extraction, 
postpartum infections, fractures, aleukemic 
leukemia . cancer and non-malignant tumor. 

Results. The results are presented in 
Tables I and II. In the serum of 1 i normal 
control subjects the rale of hydrolysis ranved 
from 6.1 to /.S^c hour with an average of 
7.2±0,78G. 
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stir up the precipitate by forcing the alcohol 
wash solution over it in a sharp stream. The 
last 1 to 2 ml of the wash solution should be 
used to wash down the sides of the centrifuge 
tube. 

Discussion. It will be noted that in the 
preparation of the urine sample, as given 
above, a 1:10 dilution of urine is prepared 
and that the phosphate has not been re- 
moved. We have found only negligible dif- 
ferences in comparative values obtained 
whether or not phosphate is removed at this 
dilution. An advantage offered by the ex- 
treme sensitivity of this method is that sam- 
ples of very low sodium content are immedi- 
ately recognized at the first step in the pre- 
cipitation; i.e., a minute amount of precip- 
itate forms. In such cases, it usually suf- 
fices to repeat the precipitation using the 
preparation as recommended by Butler and 
Tuthill in w'hich the urine is not diluted dur- 
ing the removal of protein and phosphate. 

In the determination of serum sodium, a 
1 ml aliquot of the solution of ashed sample 
containing the equivalent of 0.1 ml of serum 
is used. Here, again, the great dilution elim- 
inates the necessity for the removal of phos- 
phate. 

Recoveries of sodium added to urines of 
known value are shown in Table I. Com- 
parison of results obtained with the proposed 
method and that of Butler and Tuthill are 
presented in Table II. 

The color characteristics of the water solu- 
tion of the sodium uranyl zinc acetate com- 
plex were determined using both a Beckman 
IModel DU Spectrophotometer and a Cole- 
man Model llA Spectrophotometer. Ab- 
sorption ma.xima were obtained at 430 mu 
on both instruments. Plots of concentra- 
tion vs density do not give a straight line at 
this wave length. However, the hyperbolic 
curve obtained is smooth and highly repro- 
ducible. 

Tlie yellow color of the dissolved complex 
is stable for at least 4 hours. The intensity 


TABLE I. 


Recovery of Sodium Added to Urine Samples. 


Mcq. sodium 
added 

!Meq. sodium 
recovered 

% recovered 

.0118 

.0113 

95.8 

.0118 

.0116 

98.3 

.0059 

.0055 

93.3 

.0059 

.0057 

96.6 

.0020 

.0020 

100.0 

.0020 

.0021 

105.0 


TABLE II. 


Comparison of 

Results with Colorimetric and 

Gravimetric-! Procedures. 

Gravimetric — ^Meq./liter Colorimetric — Meq./liter 

36.0 


36.0 

69.0 


68.8 

28.6 


30.0 

63.6 


05.0 

82.3 


81.4 

89.0 


87.5 


varies with temperature, and unknown solu- 
tions must be read at the same temperature 
at which the standard curve was prepared. 

In explanation of the sensitivity obtained 
by this method, it may be suggested that the 
intrinsic errors in w'eighing and possible im- 
perceptible small leakage through the pores 
of the sintered glass filter are additive factors 
in the gravimetric procedure, w'hich are elim- 
inated in the procedure described. 

Summary. A photometric method is de- 
scribed based on the gravimetric procedure 
of Butler and Tuthill in which the precipi- 
tated sodium zinc uranyl acetate is dissolved 
in water, giving a yellow color which is read 
with a suitable filter against a standard curve 
at 430 mfi. Phosphates in the normal urine 
were found to exert negligible interference. 
Recoveries and comparison values show the 
method to be more rapid and at least of 
equivalent accuracy with the gravimetric 
procedure. 

I wish to express my appreciation to Professor 
C. J. Farmer and Dr. Edith B. Farnsworth for 
their aid in carrying out this study, and to Miss 
Lor.u Bello Hughes who performed most of the 
technical work. 
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A Photometric Adaptation of the Zinc Uranyl Acetate Method for Sodium. 

Jacob S. Krakusin.* (Introduced bj>- C. J. Farmer.) 

From the Department of Chemistry, Korthivcstcrn University Mceiical School, Chicago, 111 


Several colorimetric methods suitable for 
use with biological material have been pro- 
posed for the determination of sodium.^’-*® 
The disadvantage of these in routine bio- 
chemical analj'sis varies from a lack of the 
necessary sensitivity^--® to interference from 
chromogenic materials usuall}’’ encountered.® 
The proposed method is a modification of 
that of Butler and Tuthill.-' All reagents 
used are described in that method. The pre- 
cautions and stoichiometric relations are 
carefulljf preser\'ed while the tedious weigh- 
ing and washing procedures have been elim- 
inated. In addition, a greater sensitivity is 
obtained which makes possible the use of a 
smaller volume of sample and the anah'sis of 
fluids with very low sodium content. 

The procedure will be described for urine. 
Serum and other fluids maj' be prepared for 
analj-sis according to Peters and Van Slyke^ 
with appropriate dilution to bring the solu- 
tions into the range of the standard curve. 

Method. Add to 5 ml of urine in a 50 ml 
volumetric flask, 5 ml of 20% trichloroacetic 
acid. Mi-v, and dilute with water to the 
mark. After again thoroughly mi.xing, filter 
out any precipitated protein, if present, us- 
ing a dry I'iliatman No. 40 or 42 filter paper 
and discarding the first 5 ml of filtrate. 

To 10 ml of uran3'l zinc acetate reagent 
in a 15 ml graduated pyre.\- centrifuge tube, 
add dropwise 1 ml of the urine filtrate (or 


•Aided in part, by a grunt from the United 
States PuWie Hraitli Service. 

1 Salit, P. W., *1. Siol Chan., 1P32, 00, 059. 
a Arnold. A. E., find Pr.iy, A. K., /«<?. and Eng. 
Chem. (An-al Ed.), 1943, 13, 294. 

3 Bradbury, J. T., J. Lab. Clin. Mat, 1941., 31, 

1257. 

~ 4 ButJcr, A. ir., .and Tutliill, E., ,r. Siol Chem., 

tire Clinical Chemistry, Baltimore, and 

Wilkins, 1932, p. 733. 


prepared sample of serum, etc.) with constant 
stirring. Mechanical stirring is desirable 
though not imperative. Allow the mixture 
to stand for 30 to 45 minutes with occasional 
stirring. Remove the stirring rod, washing 
down with 3 ml of reagent as it is being re- 
moved. Cap the tubes (lEC No. SSO rubber 
caps) and centrifuge at 2000 r.p.m. for 5 to 
10 minutes. Aspirate off the supernatant 
fluid as completely as possible. Wash the 
precipitate with 95% ethjd alcohol saturated 
with sodium zinc uranyl acetate, cap and 
centrifuge as above. Aspirate the super- 
natant and repeat the washing and aspira- 
tion. After drying the tubes in an oven or 
water bath at 60” to 70°C for 5 to 10 min- 
utes, add S ml of hot water (60”C) to dis- 
solve the precipitate. Cool to room temper- 
ature, make up to the 10 ml mark with water 
and mix. Bring the temperature to 25°C in 
a wafer bath and read at 430 mg in a spec- 
trophotometer or with a suitable blue filter 
in anv'- photoelectric colorimeter. The zero 
densitj’- setting is made using a reagent blank 
of 1 ml water treated and washed in the same 
manner as the sample. The concentration 
of the unknown is read from a standard curve 
prepared with sodium chloride solutions con- 
taining 0.002 to 0.05 meq sodium/ml. 

Precautions. 1. Stirring of tlie solution 
should be continued for at least 1 minute 
after the precipitate appears. Incomplete 
stirring will give erroneously low results. 

2. Aspiration of the supernatant fluid in 
the centrifuge tube is preferable to decanta- 
tion because the granular qualitj- of the pre- 
cipitate is such that it could e.asily be lost 
through rough handling. It is obvious that 
as much as possible of the supernatant fluid 
should be removed with each aspiration. 
This is best done if a drawn out c.ijjillar)- 
tube is used as an .aspirator. 

3. In the w.ashing procedure it U best to 
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TABLE I. 

Sacteriostatic Effect of Chloromycetin on 20 
Strains of Tubercle Bacilli. 


jtrain No. 

Type 

Concentration in 
wbieb completely 
growth 

lig per ml 
inhibited 

Witbout scrum B'ith serum 

H37Ev 

Human 

12.5 

12.5 

H37EvR* 

} J 

12.5 

12.5 

1 

7 1 

12.5 

12.5 

IR 

y y 

12.5 

25.0 

11 

t T 

12.5 

12.5 

12 

y y 

12.5 

12.5 

15 

y y 

3.12 

12.5 

15R 

y y 

3.12 

12.5 

18 

y y 

1.50 

12.5 

21 

y y 

6,25 

12.0 

24 

y y 

12.5 

12.0 

24R 

y y 

G.25 

25.0 

G9 

! y 

12.5 

12.0 

G9E 

7 y 

12.5 

12.5 

97 

7 y 

G.25 

12.5 

97R 

y y 

6.25 

12.5 

100 

y y 

12.5 

12.5 

lOOE 

y y 

12.5 

12.5 

111 

) 7 

12.5 

12.0 

48 

Bovine 

No growth 

25.0 


* R indicates a streptomycin-resistant strain. 


between 6.25 and 12.5 pg per ml to com- 
pletely inhibit growth. The bacteriostatic 
activity of Chloromycetin for these same 12 
strains in the presence of serum was not sig- 
nificantly reduced. The remaining 7 strains 
which, in the absence of serum were inhibited 
in their growth to a greater degree by Chloro- 
mycetin, were, in the presence of serum, as 
resistant as the other 12. Whether the de- 
crease in sensitivity to chloromj'cetin shown 
by the above 7 strains in the presence of 
serum was due to the inactivation of Chloro- 
mycetin by serum or was merely a reflection 
of the stimulation of growth of tubercle ba- 
cilli which occurs in the presence of serum 
is not discernible from these data. While 
the figures given in Table I represent the 
least amount of Chloromycetin which under 
the conditions of the test completely inhibited 
growth, partial retardation of growth was 
usually noted in one-half or one-fourth this 
concentration. In anj- event, Chloromycetin 
iu vitro is considerably less bacteriostatic for 
virulent human type tubercle bacilli than is 
cither streptomycin or para-aminosalicylic 
acid since with these latter substances most 
strains of tubercle bacilli are completely in- 


TABLE II. 

Bacteriostatic Action of Chloromycetin in Com- 
bination with PAS and Streptomycin. 

Cone, in per 
ml wliieh com- 
pletely inhibited 
growth 


Chloromvcetin 


12.5 

PAS 


0.7S» 

Streptomycin 


0.7S 

Cliloromycetin 

-f PAS 

1.50 

? ? 

Streptomycin 

1.56 


-f P.4.S -f- Streptomycin 

1.56 


hibited in their growth b\' less than one or 2 
[ig per ml.'’® 

Since the bacteriostatic activity of many 
chemotherapeutic agents such as the sulfona- 
mides, sulfones and PAS is markedly affected 
by the number of organisms used in the test, 
the bacteriostatic action of Chloromycetin was 
tested using larger numbers of tubercle 
bacilli. Since a 10-fold increase in the 
amount of inoculum used in the test resulted 
in only a 4-fold decrease in bacteriostatic 
activity, the action of the drug, in contrast 
to para-aminosalicylic acid' is apparently not 
appreciably influenced by the number of or- 
ganisms present. 

In spite of the relatively low tuberculo- 
static action of ch]orom)'cetin, it was thought 
advisable to determine in vitro the effect of 
combining this substance with para-amino- 
salicylic acid and streptomj-cin. Table II 
shows the results of these tests. It is ap- 
parent that Chloromycetin contributed noth- 
ing to the bacteriostatic action of such com- 
binations since in no case was the effect 
greater than that obtained with either para- 
aminosalicylic or streptomycin alone. There 
was in fact consistently a slight reduction in 
bacteriostatic action when Chloromycetin was 
included in the medium. Since this difference 
is well within the experimental error of the 
method, no great significance at present can 
be attached to it. 

The initial experiments with chloromvcetin 
to determine its therapeutic effectiveness in 
vivo were conducted with intravenously 
tubercularized mice by treating subcutaneous- 

^ Kaleiglc Goraon IV.. and Vouni:ui«. 

J. Inf. Dis., 1948, in press. ' ‘ '' 
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Tuberculostatic Action of Chloromycetin In vitro and In vivo* 


Guy P. Youmans, Akne S. Youmans, and Rollin R. Osborne. 

I'roni the Department of Bactcriototfp, Northwestern University Medical School, Chkayo, and 
The Evanston Hospital, Evanston, 111. 


Ehrlich, Bartz, Smith, Joslyn and Burk- 
holder^ reported the isolation of a Sirepto- 
myces sp. which produced a new antibiotic 
which they named Chloromycetin. This anti- 
biotic was highly bacteriostatic in vitro for 
a variety of bacteria, but onlj’’ moderately 
bacteriostatic for the virulent H37Rv strain 
of M. tuberculosis. Chloromj^cetin showed 
considerable activity against Rickettsia pro- 
■wazeki in tests using chick embryos. Smadel 
and Jackson- have also reported that Chloro- 
mycetin was an effective chemotherapeutic 
agent experimentally against a variety of 
Rickettsiae. In a recent, more detailed re- 
port Smith, Joslyn, Gruhzit, McLean, Penner 
and Ehrlich® have further described the prop- 
erties of Chloromycetin, including data on 
toxicity and chemotherapeutic activity. The 
in vitro tests of the bacteriostatic activity of 
Chloromycetin for M. tuberculosis var. ho- 
minis (H37Rv) reported in the above pub- 
lications were done in this laborator)'. This 
work has now been extended to include in 
vitro tests on other strains of virulent human- 
type tubercle bacilli and the effect of Chloro- 
mycetin administered subcutaneously and 
orally on experimental murine tuberculosis. 

Methods. The in vitro bacteriostatic tests 
with Chloromycetin t were performed by the 
technic previously reported^-®'® and the re- 

* Work akled br a rcsoavcli grant from Parkt-. 
Davis & Company, Detroit, Micii. 

1 Jolm, Bartz, Quentin E., Smith. Eob- 

ert yt; Joslyn, Dwight A., and Burkholder. Paul 
B., Science, 1947, IOC, 41i. 

S Smadel, J. E., and Jackson, E. B., Seinicc. 


1947, 100, 418. . . . r, I 

a Smith, Bobert M., Joshm, Dw.ght A.. Grnhz.t 
Oswald M., McLean, Wm. I., Jr., Penner. M^lred 
A., and Ehrlich, John, .T. Bact., 1048, 4.o. 

} Crystalline Chloromycetin obtained fr . 

Parke," Davis Company, Detroit, Mm a 

r,,v P Proc Soc. Exr. Biot., anu 
tyonmans, Gui i., rnuc. 

Med., 1044, 37, 110. 


suits recorded in terms of the least amount 
of Chloromycetin which would completely in- 
hibit the subsurface growth of 0.01 mg of 
tubercle bacilli per ml of synthetic medium. 
Duplicate tests were conducted in the same 
medium to which had been added enough 
sterile beef serum to make a final concentra- 
tion of 10.0^. Nineteen strains of virulent 
human-type tubercle bacilli were employed, 
including 7 which were resistant to more than 
1000.0 fig of streptomycin per ml. One 
bovine strain was also used. Similar in vitro 
tests were conducted in which Chloromycetin 
was emplo 3 'ed in combination with strepto- 
mj'cin and para-aminosalicjdic acid (PAS). 

The chemotherapeutic action of cliloro- 
mj’cetin in vivo was determined by using mice 
infected intravenously with 0.1 mg of the 
H37Rv strain of M. tuberculosis. The tech- 
nic employed in these tests and the evalua- 
tion of the results of the tests were in every 
respect similar to those previously reported 
employing streptomj'cin and PAS,®'' with 
the exception that chlorom.vcetin, when ad- 
ministered subcutaneous!;' to mice, was dis- 
solved in 20% propylene glycol water solu- 
tion and the experiments were terminated at 
the end of 21 da.vs instead of 2S days. 

Results. The results of the in vitro bac- 
teriostatic tests with and without serum us- 
ing the 19 human U'pe strains and the one 
bovine strain are shown In Table I. There 
was as much as an 8-fold variation in the 
sensitivity of these strains to Chloromycetin 
when serum was omitted from the niediuni. 
Since twofold dilutions were used, the major- 
iu- of the strains (12 out of 19) required 

SYouwmns, Guy P., .niiil Doub, Loonard, Am. 
Kev. Tubcrc., 1940, Til, £5". 

® Youm.aiis, Guy P., R.alcigli, Gordon IE, .uid 
Yoninans, Anne S., J. Bart.. 1947, 31, 409. 

V Youmans. Guy P., and McCartor, C., 

Am. i:n\ Tiihrrc., 3940, 32, 432. 



SUBTENOLIN. BACTERIOtOGIC PROPERTIES 


429 


If this one determination represented the 
average serum concentration of chloromj’cetin 
during the course of treatment one would ex- 
pect the slight borderline therapeutic effect 
which was noted since this concentration of 
Chloromycetin, while it does not completely 
inhibit the growth of H37Rv strain in vitro, 
will partially retard the multiplication of the 
bacilli. 

Summary and Conclusions. The antibiotic 
Chloromycetin has been found to be onh' 
moderately bacteriostatic for virulent human 
type tubercle bacilli in vitro as compared 
with streptomycin or para-aminosalicylic 
acid. The majority of 19 human type strains 
studied were completeh’ inhibited in their 


growth by between 6.25 and 12.5 micrograms 
or more of the drug in the presence of serum. 
One bovine strain was equally sensitive. This 
degree of bacteriostatic activity was not 
markedly affected by the number of tubercle 
bacilli present nor was the bacteriostatic ac- 
tivity of para-aminosalic\dic acid or strepto- 
mycin enhanced bi" the addition of chloro- 
mj'cetin. 

When administered subcutaneously, Chloro- 
mycetin has been shorni to be ineffective, 
whereas, when admixed with the diet in con- 
centrations of 0.5 and 0.25%, it was slightly 
effective for the suppression of experimental 
murine tuberculosis. 


16330 

Subtenolin. An Antibiotic from Bacillus subtilis. 1. Bacteriologic 

Properties. 

Harold X. Hirschhorx, 2tlATTHEw A. Bucca, axd J. D. Thaver. 
(Introduced by Henry Tauber.) 

From the Bacteriolngy S/ction. Vcncrrnt Disrasc Fcscnrcli Liihnrolorii, V. .S'. Xlariiic Hospital, 

.'itaten Island, Xrir Yorl:. 


In the course of a search for antibiotic 
agents in this laboratory, an organism was 
isolated in Februan,'. 1945, that produced a 
substance showing antibiotic activity for cer- 
tain gram-positive and gram-negative bac- 
teria. The organism was isolated from nu- 
trient agar plates that had been seeded with 
Eschcri'h'ta coli and Staphylococcus aureus, 
respectively, ttnd inoculated with material 
from dusty surfaces in the laboratory. It 
was identified as Bacillus subtilis.*- Because 
of its microbic source and strong enolic prop- 
erties' the name, subtenolin. has been given 
to the antagonist. The bacteriologic prop- 
erties of the antibiotic are the subject of this 

* Acknrmli'ilgiiii’iit is iii.nde to X. R. .Smith of 
tlic V. S. nt'iviiniimit of .\grieulture, Rcltsvillc. 
Jrarylaiid. for t!jo flii.Tl idoiitific.-ition of ttio 
org.-ini'.iii. 


report; its isolation from the harvest and its 
chemical properties are described in the suc- 
ceeding report.^ 

Production oj Subtenolin. Mediums con- 
taining peptones and other complex organic 
enrichments were found to be very poor for 
■he production of subtenolin. A medium con- 
taining {//-alanine produced the highest yields 
and least destruction. With subtenolin, as 
with subtilin,- strong stimulatory action by 
manganese .yeas obser\-ed. Production was 
slightly stimulated by copper. 

The following medium was adopted for use 
in the production of subtenolin: 


I Ilowtdl, S. F., and Taiibrr. It., I'r.oc. ^Soc. Exr. 
Hrot.. .INI) Men., lUIS, «7. 4ag. 

e.TatKOii, K. F., and Ilir.<ilimanii, D, J., Arch. 
Jiiochf 1044, 4 . HOT. 
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Tuberculostatic Action of ChEoromycetin 


TABLE m. 


Results of tl>e Mice Infected with M. tvhcreiilosis (H37Bv) and Treated TOtii Cliloromycotin in the Diet. 


Compound 

% of compound 
in diet 

Ko. mice 

% mortality 

Avg \rt loss 
or gain in g 

Amt gross 
pidmanary Type of 
tuberculosis lesion 

Chiorouivcetin 

0.5 

20 

0.0 

—4.1 

3.5-L P & Ml 


0.25 

20 

30.0 

—3.3 

3.S4-}- P & XE 


0.125 

20 

05.0 

—3.85 

B.S5A* 

Parajamino-salicvlic acid 

1.0 

20 

0.0 

-pi.o 

2.5-f P 

Controls 


20 

75.0 

—4.8 

4.0-}- XE 


1- j 0-10% involrement of lung with tuberculosis 

2- j 10-25% ” ” ” ” ” 

3- j 25-50%, ” ” ” ” ” 

4^ 50-100% ” ” ” ” ” 

P — Proliferative lesions 

NE — Necrotie-esudative lesions 


ly with 5 mg of chloromi'cetin per day dis- 
solved in 20% propylene glycol. This was 
divided in 2 daily doses of 2.S mg each given 
approximately 8 hours apart. This total 
daily dosage was selected on the basis of the 
known toxicity of Chloromycetin administered 
by this route® and approached closely the 
maximal tolerated dose. These experiments 
failed to demonstrate any suppressive effect 
on the tuberculous process. Furthermore, 
marked reaction developed at the site of in- 
jection with swelling, edema and eventually 
ulceration. 


When it became apparent that Chloromy- 
cetin was well absorbed from the gastro-in- 
testinal tract, experiments with intravenously 
tubercularized mice were conducted in which 
the compound was administered with the diet. 


Table III details the results of a typical e.x- 
periment. Included in this table in addition 
to the untreated controls is a group of animals 
treated with 1.0% para-amino-salicylic acid. 
From the data given in the table, it is readily 
apparent that there was a relationship be- 
tween the per cent mortality of the tneated 
mice and the concentration of Chloromycetin 
administered. Those mice which received 
0.5% Chloromycetin in the diet sifrvived the 
21-dav period of treatment. The group 
which received 0.25% showed 30% mortahty 
and the group which received 0.125%, a 6a% 
mortality. The last figure is very similar to 

Ihe mortality fifure for the 
srouD. There was no significant difference 
between the amount of weight lost ^ 
of the Chloromycetin treated animals and the 
untreated controls; in contrast, the para- 


aminosalicylic acid treated animals showed 
a slight increase in average weight. The data 
given for the amount of gross pulmonary 
tuberculosis demonstrable at the end of the 
experimental period in the various groups 
correlates with the weight response. On the 
basis of these findings one might question the 
significance of the mortality figures for the 
groups of animals receiving the 0.5% and 
the 0.25% Chloromycetin. However, upon 
microscopic e.xamination, whereas the total 
amount of involvement of lung substance was 
large, those animals treated with 0.5% and 
0.25% Chloromycetin showed a significantly 
higher proportion of proliferative type lesions 
as compared with the controls. These find- 
ings, as has previously been determined,® in- 
dicate that the treated animals had a slower 
evolution of the disease process. The histo- 
pathological findings in the mice which re- 
ceived the smallest amount of Chloromycetin 
(0.125%) did not dififer from the untreated 
controls. It can be stated with some con- 
fidence that Chloromycetin administered wal- 
]y to intravenously tubercularized mice in a 
concentration of 0.5%, and possibh' 0.25%, 
e.xerted a slight suppressive effect upon Uie 
disease process. Before the animals which 
received 0.5% were sacrificed at the termina- 
tion of the e.xperinient tlier’ were hied by 
cardiac puncture approximately 2 hours after 
being fed and the small blood samples 
obtained were pooled. The serum thus ob- 
tained was tested for its content of ciloro- 
mycetinl and was found to be 7.0 /ig 
} PerfoTaed by Dsvigbt A. Josiyn, leivis 

& Company, Detroit, Mich. 
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TABLE L 


The Antibacterial Spectrum of Subtenolin. 



Jliuimal inhibiting 
quantity (mg) 

^ 

o hr 22 lir 

Preparation Xo. 165, 300 units/mg* 

.004 

0.55 

1. Staphylococcus aureus, FDA 209P 

2. ” ” MB 111 

.004 

a.i.f 

3. ” ” 30393 

.004 

n.i. 

•1. ” ” H 

.0055 

n.i. 

5. ” albus, 303S9 

.0023 

0.47 

G. Streptococcus, sp. (enterococcus group TD) 

.023 

1.25 

7. Bacillus anthracis, ATCC 8705 

2.0 

n.i. 

S. Micrococcus conglomeraltis, JIB 7S 

.024 

n.i. 

9. Escherichia coli, ATCC 7011 

.014 

1.G7 

10. Salmonella cnieriiidis 

.015 

n.i. 

11. EberlheVa typliosa, JIB 59 

.019 

1.0 

12. Salmonella schottmucllcri, Jl 

.047 

2.0 

13. ” typhimtirium, ATCC OHS 

.078 

n.i. 

14. Serratia marccsccns, D 

.10 

n.i. 

15. Acrobacter aerogenes, ATCC 8308 

.16 

n.i. 

IG. Klebsiella pneumoniae, ATCC 9997 

.71 

n.i. 

17. Pnsleurella pestis, A 1122 

i.g.t 

0.055 

Preparation Mo. 176, 550 units/mg* 

1. Staphiilococcus aureus, FD.A 209P 

.0021 

0.2S 

2. Streptococcus pyogenes. C203 

..54 

2.7 

3. Diplococcus pneumoniae, tvpe HI 


n.i. 

4. Clostridium novi/i, AMS 

i.g. 

0.55 

5. ” perfrinoens. AMS 

i.g. 

0.35 

0. ” foliar, AMS 

i-g- 

0.91 

7. ” tertium, AMS 

i-g- 

0.91 

S. ” histohiticum. AMS 

i-g- 

1.1 

9. ” oedcmati.'t mnlioiii. AMS 

i.g. 

1.4 

10. Bacillus subtilis (subtenol'n producing strain) 

n.i. 

n.i. 

11. ” •’ P. 

n.i. 

n.i. 

12. Micrococcus hisadeil:ticus, MB 79 

.17 

n.i. 

13. Pastcurclla, sp.. MB 90 

i.g. 

0.041 

14. EhcrthcUo iijplwi-a, PCI 412 

15. I^ftchrrichia colif P() 

.0065 

0.303 

.018 

O.GS 

IG. ” ” MB GO 

.064 

2.7 

17. ” •’ YD 

.02G 

n.i. 

is. Ps' 

2.7 

n.i. 

19. yti.s.\rria (jonorrhocoCy strain 1 

i-g- 

1.1 

20 . " ” strain 2 

i.2. 

1.1 

Prfp.arafion Xo, 3S9. S5i7 units/ mg*" 



1. Stnphi/lococcus aurcifS, FDA 20I)P 

.0014 

0.17 

2. JiriicrJln ohortus. USDA 2610 

i.g. 

n.i. 

3. " mefileii.si.v. L'SD.A K1957 

i.g. 

n.i. 

4. ’• .‘•■uis. rsDA. 84.52 

i.g. 

n.i. 

5. Salmonella paratyphi, ATCC 9150 

n.i. 

n.i 


* One unit is defined as the minimal cnnccntration of sublemdiu cmuidetelv inhibiting the 
growth of Staphiilococcus aiirevx. FDA 209P in total volume of one ml aft.r five hours incuba- 
tion j>prio(b In tile determination of the antibacterial spectrum, a reference solution was pre- 
pared In- dissolving fubteuolin in distilled water to give a concentration of l-o.OOU uuits/ml, 

+ w.'. — 110 iiillibition. 

" insulHcicnt growth. 


by strains of Bacillus Subtilis include sub- 
tilin.- bacitracin.'' bacillin.® eumycin." and 


4 Dubos, R. .T.. and Davis. B. D.. J, Fj-p. .l/fd., 
IfitP. S:l. 40!>. 

•'.Tohnsoa. 15. .\.. .taker. II., and Melcucy. F. L.. 
SdchfC, !!>.), Ipo 


subtilysin, a lytic principle obtained by Val- 
lee'" from culture filtrates. In addition, coli- 

<• Foster, J. IF., and tVoodruflr, If. B., J. Baei.. 
19-lG, 51, 3G3. 

v.Tolinson, E. .1.. .and Burdon. K. L.. J. Bad., 
I9-1G, 51. 591. 

^ 1 aliee, M., C. B. A'oc. hie, I., ipi.i jxg 
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dl-alaniiu’ 

51 

tXS 

Pot.a.*:sium (Hiiydrugrn ]ihosph;tto 

o.r, 

Magnesium citrate • 1411^) 

o.u.j 

yragiicsiiim snit'.'ite • 71E.0 

(\0.> 

Glycerol 

2.0 

Mtiiigamui'! .sulfate • ."dloO 

0.0004 

Cupric .‘Jiilfate • ."dloO 

O.OOOtCi 

Water, distilled, to vuliinie 



The medium was adjusted to pH 6.S-7,1, 
dLsj)cnsed 300 m! per one-gallon i)ottle, and 
autoclaved at 15 lb for 15 minutes. The 
bottle.s were inoculated with 0,5 ml of a 
.standardized spore suspen.^ion (tube Xo. 0.5 
McFarland barium sulfate standard) that 
liad been prc{wred from discrete colonies. To 
obtain ma.vimum .surface e.sposurc, the bottles 
were incubated in a horizontal position at 
36^C for 3 days. Subtenolin activity reached 
its peak when growth was greatest (3 to 4 
day.?) and remained constant until one or 2 
days later when antibiotic activity .steadily 
dccrea.scd with increased alkalinity of the 
culture medium. 

Lyophilization of the spores in 25% gelatin 
proved to be the best method for maintain- 
ing the strain of Bacillus siihtilis for con- 
sistent ma.\imum production of subtenolin. 
By preparing a new batch of lyophilized 
spore.s at least every 3 months, the level of 
subtenolin production was held fairly con- 
stant throughout the period of this work. 

In practice, tlie inoculum nas prepared bj- 
reconstituting the contents of an ampoule of 
lyophilized spores and preparing tenfold di- 
lutions in saline for plating on FD.A. agar.~‘ 
After incubation for 4 to 7 days at oO’C, 


individual rough colonies were selected and 
suspended in 0.85% NaCl solution. This 
suspension was standardized and inoculated 
in the medium described above. Harvesting 
of the culture was done by screening through 


several layers of gauze and cotton to remove 
most of the bacterial pellicle. 

General Properties of Subtenolin. Sublen- 
olin diffuses very readily through agar, pro- 
ducing large and clearly defined zones with 
Staphylococcus aureus as the test organism. 
Many preparations showed the presence of 
isolated, resistant colonjesj^ m the clear 


area of inhibition. 

The antibacterial activity of subtenolin is 
variou.«ly reduced by comple.v organic sub- 
stances. In whole, defibrinated rabbit blood 
there is almost complete loss of activity in 
2 hours. Several peptones also reduced the 
antibacterial effect of subtenolin. However, 
rabbit or horse serum, FDA broth," and heart 
infusion broth had no effect when tested by 
the agar streak method. 

To.vicity studies by intraperitoneal injec- 
tion of mice weighing 17 to 23 g showed the 
LD.-,n to be 30 to 60 mg (1000 units/'mg). 
Considerable subtenolin activity was found 
in the urine 15 minutes after injection and, 
depending upon the dosage, continued 4 to 
10 hours. With a dose of 50 to 60 mg (1000 
units mg), subtenolin continued to be e.v- 
creted for 10 hours after intraperitoneal in- 
jection. On the average, 30 to 50% of the 
administered dose was found in the urine. 

Assay Methods and Antibacterial Spec- 
truui. The serin] dilution method using FDA 
broth" was the procedure adopted for sub- 
tenolin assay. Since there was reduction of 
subtenolin activity after overnight incubation 
but none after 5 hours, the tests were read 
at 5 hours and again at 22 hours. The end- 
point selected was the highest dilution of a 
standard subtenolin solution showing com- 
plete inhibition of the test organism. For 
the more fastidious organisms, heart infusion 
broth containing 10% rabbit serum and 1% 
de.xtrose was used. This medium reduced 
subtenolin activity 50 to 80% after overnight 
incubation although no reduction in activity 
was observed after 5 hours incubation. 

The antibacterial spectrum of subtenolin 
is summarized in Table I. The most suscep- 
tible organisms were: Staphylococcus aureus, 
Staphylococcus albus, Ebcrthclla typhosa, 
Escherichia coli. Salmonella enteritidis, Mi- 
crococcus conglomeratus, and Salmonella 
schottviuellcri. Two strains of Pastcurclla 
showed marked susceptibility to the antibiotic 
upon overnight incubation. The growth of 
Mycbbactcrium tuberculosis, H37Rv in Du- 
bos medium* was partially inhibited by a 
concentration of 2000 units/ml of subtenolin. 

Di§crcntiation of Subtenolin from Other 
Antagonists. Antibiotic substances produced 
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TABLE I. 


The AnUbactciial Speetrom of Subtciiolln. 



Jtinimal inhibiting 
quantity (mg) 

/■ I 

5 lir 22 hr 

Preparation Ko. 1C5, 300 units/mg* 

.004 

O.DO 

1. Staphylococcus aureus, PDA 209P 

2 ” ” MB 111 

,004 

lU.t 

3. ” ” 30393 

.004 

ii.i. 

4. ” ” H 

.0065 

n.ic 

5 . ” fllbns, 30389 

.0023 

0.47 

0. Streptococcus, sp. (enteroeoeens group VD) 

.023 

1.25 

7. JJacHlus anthracis, ATCC 8705 

2.0 

n.i. 

8. Micrococcus coiiglovicralus, JIB 78 

.024 

n.i. 

9, Escherichia coli, ATCC 7011 

.014 

1.G7 

10. Sahnonelta entcritidis 

.015 

ii.i. 

11. Ebcrthclla typhosa, JIB 59 

.010 

1.0 

12. Salmonetla schotiuuicUcri, M 

.047 

2.0 

13. ” iyphiniurmm, ATCC 0148 

.078 

tl.l. 

14. Serraiia marccsccns, D 

.10 

n.i. 

15. AcrnVactcr acrogenes, ATCC 8308 

.10 

n.i. 

10. Klebsiella pneumoniae, ATCC 9997 

.71 

n.i. 

17. Pasteurella pestis, A 1122 

i-g.i 

0.055 

Preparation Ko. 170, 550 units/mg*' 

1. Staphylococcus aureus, FDA 209P 

.0021 

0.2S 

2. Streptococcus pyogenes, C203 

.O’! 

2.7 

3. Diplococcus pncumouiac, tj'pe III 


n.i. 

4. Clostridium novyi, AMS 

5. ” perfringens, AJIS 

i-g- 

0.55 

i-g- 

0.55 

0. ” faltax, AJtS 

i-g- 

0.91 

7. ” tertium, AJIS 

i-g- 

0.01 

8. ” hisioluticum, AJIS 


1.1 

9. ’’ nedematis mali/ini, AMS) 

i-g- 

1.4 

10. Bacillus subtilis (snbtcnol'ii producing strain) 

n.i. 

n.i. 

11. ” ” R 

n.i. 

n.i. 

12. Micrococcus lysodcihticus, JIB 79 

.17 

n.i. 

13, Pasteurella, sp., MB 00 

14. Ebcrthclla typhosa, PCI 412 

i.g. 

0.041 

.0003 

0.303 

15. Escherichia coli, PO 

.018 

O.CS 

10. " ” MB GO 

.004 

2.7 

17. ” ” VD 

.020 

n.i. 

18. Psn udninoiicts ticrufjijwsa 

2.7 

n.i. 

10. Xris.trria gniiorrhocac, strain 1 

j.g. 

1.1 

20. ” ” strain 2 

i.C. 

1.1 

Preparation Xo. 189. S50 units/ mg* 

1- StopJtifJococcus aureus, FDA 20nP 

.0014 

0.17 

2. Brucella abortus, DSDA 2010 

i-g- 

n.i. 

3. ’’ mclitcusis, XJSX).\ K10o7 

i.g* 

n.i. 

4. ” .•.uis. rSDA, 84.72 

i.g. 

n.i. 

o. SahuoneUa paratyphi, ATCC OloO 

n.i. 

n.i 


*■ 0111 ' unit is (lofincd as tlio minimal concentration of suljtcnolin emiijilotelv inhibiting the 
growth of Stoiiliiifococciis (iinrii.'!. PDA 209P in total volume of one ml after five hours incuha- 
tiou pcrinil. In the determination of the antibacterial spectrum, a reference solution nas pre- 
pared by dissolving siibtenolin in distilled water to give a concentration of lo.OOO iinits/nil. 
i w.'. -=^ no iuUibitiau. 
ti.p. = insufficient growth. 


by strains of Bacillus subtilis include sub- 
tilin,- bacitracin,'' bacillin,'' eumycin,' and 


^ Dubos, K. .T.. and Davis, B, D., J. i',Tp. Med., 
IP-SO. 8;i, 40!>. 

" .lohnson, B, .t,. Anker. H.. and Jlclencv, F. L., 
Science, lO-l.t. lOJt. 


subtilysin, a lytic principle obtained by Val- 
Ice- from culture filtrates. In addition, coli- 

fi Poster, .T. tv., and tVoodruff. II. B., J. TSact., 
J94G, 51, 303. 

‘.Tohnson, E. A., and Bntdon, K, L., J. Bad., 
1040, 31, SOI. 

S Vailee, M., C. I!. Sue. Itinl.. 104.S, ItlO, 14S. 
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Statin, apparently produced by an uniden- 
tified member of the genus Bacillus, has been 
reported.® Subtenolin differs from these an- 
tagonists of similar origin as described below. 

Subtilhi. Subtilin is extracted from the 
cellular material of the pellicle and is light- 
sensitive, Subtenolin is extracted from the 
culture medium and is not light-sensitive. 

Bacitracin. Bacitracin does not inhibit 
Escherichia coU, Acrobacfcr aerogcnes nor 
EberthcUa typhosa, but these organisms are 
susceptible to the action of subtenolin. Un- 
like bacitracin, subtenolin is relatively in- 
active against Streptococcus pyogenes, pneu- 
mococcus and Clostridia. 

Bacillin. , Subtenolin and bacillin display 
a loss of activit}'' in the presence of certain 
complex organic substances (although not to 
the same degree), and their production is 
stimulated by manganese. On the other 
hand, carbohydrates promote the production 
of bacillin but interfere with the production 
of subtenolin. Also, carboh.vdrates are re- 
quired for demonstrating the anticoli activity 
of bacillin but not of subtenolin. Bacillin 
is not e.xcreted in the urine of mice! but sub- 
tenolin activity has been found in the urine 
of mice after intraperitoneal injections. 
Streptococcus pyogenes and Diplococcm 
pneumoniae Type III are relatively suscep- 
tible to bacillin but resistant to the action of 

~ 3 G.ausc, G. F., Scieiicr. 1940. 10 i, C89. 

f Persoii.’tl ooninimrcatioii frum H. B. Woodruff 
of ilerck iiiid Comimnv. 


subtenolin. In comparative studies with 
bacillin, subtenolin was found to be 5 times 
as active against Staphylococcus aureus 209 
P on FD.A agar. 

Eumycin. Eumixin was reported to have 
no activity against EberthcUa typhosa and 
colon bacilli and only slight activity against 
staphylococci. Subtenolin definitely inhib- 
ited these organisms, especially staphylococci. 

Snbtilysin. Subtilysin shows activity for 
various clostridia and none for staphylococci. 
Subtenolin shows the opposites of these ac- 
tivities. 

Calisfatiii. The presence of glucose in the 
medium is required for colistatin production, 
but this sugar is not favorable for subtenolin 
production. Contrary' to subtenolin, coli- 
statin inhibits the pneumococcus. 

Summary and Conclusions. 1. An anti- 
biotic, tentatively designated subtenolin, was 
isolated from a strain of Bacillus siibtilis. 

2 . Although the antagonist displays its 
greatest activit.v against staphylococci, the 
growth of certain gram-positive as well as 
gram-negative organisms is inhibited. 

3. The growth of Mycobacterium tuber- 
culosis is partially^ inhibited by subtenolin. 

4. Subtenolin activity has been detected 
in urines recovered from intraperitoneally 
inoculated mice. 

5. .Acute toxicity studies show that the 
LD.-,o of subtenolin for mice inoculated intra- 
peritoneally is 30 to 60 mg (30.000-60,000 
units) , 
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Subtenolin. An Antibiotic from Bacillus siibtilis. II. Isolation and 

Chemical Properties. 

Stacey F. Howell and Henry Tauber. 

From ntc Biochemistry Section, renenal Visrn.-i Rc.^carcli Baboratori/. 1'. .s’, .tf/uij,, Ilosinlat. 

Staten Jslttniif Xcw Yorl'. 


The method of isolation and the chemical 
roperties of subtenolin, an antibiotic pro- 
uced bv a strain of Bacillus subtiUs, are d_e- 
Sed in this paper. The method used in 


the isolation of the antibiotic is based on its 
ability to be concentrated by adsorption on 
activated carbon, its solubility in methyl 
alcohol, its insolubility in butanone, and its 
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Stability when dried from a methyl alcohol 
solution. Subtenolin has very interesting 
chemical properties. It is extremely sensitive 
to drying in the presence of water. However, 
in aqueous solution, it is very stable to heat. 
This antibiotic has strong enolic properties. 
The bacteriological study of the antibiotic 
is described in the preceding paper.^ 

Experimental. Isolation oj the Antibiotic. 
Ten liter portions of the medium, the com- 
position of which has been given in the pre- 
ceding article,^ were processed each time. 
The pH of the broth was usually between 
6.7 and 6.8. The pellicles were removed by 
screening through several layers of cheese- 
cloth, then by centrifuging in a Sharpies super- 
centrifuge. Forty grams of charcoal (Darco 
G-60) were added per liter of culture fluid. 
The mixture was shaken during a period of 
20 minutes and filtered on Buchner funnels. 
The carbon cake was washed with 2 liters 
of water and transferred to a S-liter bottle. 
The antibiotic was eluted with 2 liters of 
meth}-! alcohol by shaking for 30 minutes. 
.-\fter filtration the eluate was concentrated 
in vacuo at 40°C to 30 ml. 

^The concentrated eluate was poured into 
1500 ml of butanone (contained in a beaker) 
and stirred with a glass rod until solidification 
of the antibiotic took place. The precipitate 
was washed twice with 100 ml portions of 
butanone and twice with 100 ml portions of 
ether. The antibiotic was extracted from the 
precipitate with one 80 ml and two 30 ml 
portions of methyl alcohol. The mixture was 
filtered to remove undissolved material. The 
white residue on the filter paper was washed 
with two 30 ml portions of methyl alcohol. 
Upon solution in water this material showed 
insignificant activity. The combined methvi 
alcohol extracts were evaporated to 8 ml hi 
vacuo at 45 "C. A small amount of inactive 
material which separated at this point was 
removed by centrifuging and discarded. The 
methyl alcohol solution was evaporated to 
dryness in vacuo at 45-‘C. The dried prepara- 
tion was stored in vacuo over CaCl«. 

The yield of subtenolin was about 1.0 g 

I Hirschhorn. li. N., 

•T. n., I>i;or. .Sor. K.xe. IJioi.. and Mra 3<)4S 

<■>7. -len. ' ■ ’ 


of light yellow powder per 10 liters of 
medium. Preparations with 1000 to 1600 
dilution units per milligram, representing 25 
to 50% recovery, w'ere obtained. It is im- 
portant to note that when solutions of the 
antibiotic containing more than traces of 
water are evaporated to dryness, the anti- 
biotic is largely destroyed. Apparently most 
of the water present in the concentrated 
eluate was removed by the butanone treat- 
ment without inactivating the antibiotic. 

Chemical Properties of Subtenolin. The 
antibiotic is very soluble in water, in ethylene 
glycol, in 95% methyl alcohol, and in many 
organic solvents containing a small amount 
of water. It is insoluble in acetone, butanone, 
ether, and 95% ethyl alcohol. It is not pre- 
cipitated by acids or alkalis. Subtenolin is 
very heat stable. Is'o loss of activity occurs 
when a solution in water is autoclaved for 15 
minutes at 15 lb pressure. No destruction 
takes place at pH 2.0 during 18 hours at 
room temperature. The dried preparations 
may be kept for months in a vacuum without 
loss of potency. Subtenolin dialyzes readily 
through cellophane membranes and is some- 
w’hat hygroscopic in the dry state. The anti- 
biotic in neutral solution gives a strong “per- 
oxidase” test with p-phenylenediamine and 
hydrogen peroxide (purple color).* It gives 
a strong enol test,* a typical Molisch test, a 
blue color wdth ninhydrin, and a dark brown 
color with ferric chloride. It forms a crys- 
talline hydrazone with 2,4-dinitro-phenyl- 
hydrazone in alcoholic solution. When a 
saturated solution of picric acid in ethyl al- 
cohol is added to a concentrated aqueous 
solution of subtenolin, the solution turns 
brown and a crystalline substance is obtained 
in the form of rosettes. This crystalline 
material is inactive. Subtenolin reduces per- 
manganate, iodine, and bromine in the cold, 
and Benedict’s qualitative sugar reagent and 
ammoniacal silver nitrate solution on boiling. 
It reduces Shaffer-Somogyi's sugar reagent 
one-half as much as penicillin G and about 
one-sixth as much as glucose when two milli- 
grams of each of the substances were used 

- Fcigl, P.. QvnUtativc .■imiUjah h\j Spot Tf.s/.s, 
Nortlemnim Fiiblisliing Cdmyniiv, Inc.. New York 
1039. ■ ’ 
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violet region. One cc contained 0-4 mg of the 
antibiotic in distilled Tvater. The pH was 6.52. 


per test solution. The purified product con- 
tains Sl.4% carbon, 7.00% hydrogen, 7.88% 
nitrogen, and 0.81% sulfur. 

A solution of subtenolin in normal hydro- 
chloric acid becomes rose colored upon boil- 
ing. Upon the addition of an e.vcess of alkali 
the solution turns yellow but returns to rose 
color when reacidified. Subtenolin is de- 
stroyed by hydrogen sulfide but not by ej's- 
teine. Pepsin (Parke, Davis & Company, 
1:3000), trypsin (Difeo Laboratories, 1:250), 
polidase-S (Schwarz Laboratories), and t\'ro- 
sinase (1830 units per ml)® have no effect 
on the antibiotic. 

The antibiotic exhibits a striking absorp- 
tion of light in the ultra^'ioIet region of the 
spectrum (see Fig. 1). The curve has a 
high sharp peak at 2700 A and shows a 
minimum absorption at 2500 A. The Beck- 
man spectrophotometer was used. 

Disenssion and Simmary. It may be seen 
from Table I that subtenolin is quite different 
chemically from other antibiotics such as 
streptomycin, penicillin G, gramicidin, and 
bacitracin. Subtenolin, bacitracin, bacillin, 
subtilin, and eumycin are products of various 
strains of B. subfilis. Gramicidin-* and baci- 
tracin^ appear to be peptides. Subtilin, which 


3 Miller, W. H., Jlallettc, M. F., Eotli. L. J.. .mtl 
Xawson, C. It., J. Am. Chem. Soc., 

4 Hotchkiss, K. D., Adv. SiKumoh. 19^4. 4. lo3. 

5 Johnson, B. A., Anker, H., .and Jlelene.v, F. L., 
WfKCC, 1945, 102, 3i0. 
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is extracted from the pellicles of a particular 
strain of B. subtilis, is of unknown chemical 
composition.® Eumycin is prepared by acid 
precipitation of the medium.'^ The chemical 
relationship between bacillin and subtenolin 
has not been ascertained since data pertain- 
ing to the chemical nature of bacillin is not 
available for comparison.® 

fiDimick, K. P., Atciorton, G., Lewis, J. G., 
Lightbofly, H. D., and Pevold, H. L., Arch. 
Biochcm., 10-17, 15, 1. 

■ .Tolmson, E. A., and Bux'dou, K. L., J. Bact., 
194G, 51, 591. 

8 IVoodniff, H. B., and Foster, J, W., J. Bad., 
1910, 51, 371. 


Subtenolin has a low molecular weight. 
Its chemical and physical properties indicate 
that it contains a resonating double bond, 
phenolic groups, a very active enolic group, 
and an aromatic aldehi^de radical. This anti- 
biotic gives typical color reactions such as 
the Molisch and enol reaction. These tests, 
and the indicator test shown in Table I, may 
be used in its identification. Although the 
antibiotic has not been obtained in a pure 
state, its chemical and antibiotic properties, 
particularly its stability in aqueous solution 
or when driq make it an interesting object 
for further studies. 
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Respiratory Arrest in Rabbits Exposed to Hypoxia after Dibenamine.- 

EbEN DuSTINf AND GeORGE ^MaiSON. 

From the Department of Pharmacology, Boston Vnirersity School of Medicine. 


The observations here reported were made 
as part of a S}'stematic elucidation of the 
effect of alteration of function of the auto- 
nomic nen'ous s}fstem on the response of the 
intact animal to hypoxia. 

Rabbits underwent early and sudden 
respiratory arrest on exposure to hypoxia 
after receiving Dibenamine (N, N-dibenzyl- 
^-chloroethylamine) in ethyl alcohol and pro- 
pylene glycol aa by vein. Control animals 
underwent such arrest very rarely even under 
more prolonged similar exposure to hypoxia. 

Procedure. Normal rabbits (weight 1.5 
to 4 kg) under intravenous pentothal anesthe- 
sia were subjected to tracheotomy. Pro- 

* Wni-k done in p.irtinl fulfillment of Contract 
Xo. W.33-03Snc-181G9 for IT. S. Air Forces Aero 
Medie.'il Laboratory by Bostoix TTnivcr.sity Scliool 
of Mediehie. Grateful ackiiowledgiucnt is made 
for tbe follouiiig supplic.s u.sed: To Abbott L:ib- 
oratories for Feiitotlial Sodium, to Bristol Labora- 
tories for Procaine Hydrochloride, to Givaudaii- 
Belarvaiiiia, Iiie., for Bibenriuiiue. 

i Work done in partial fulfilbnont of the re- 
fpiirements for the degree of Master of Arts, 
Boston University Graduate .School. 


caine hydrochloride 2% was infiltrated 
through the margins of the incision and skin 
closure around the cannula was made with 
skin clips. 

The rabbits were restrained in the supine, 
head low position on a table offering a slope 
of 15° from the horizontal in order to aid 
the venous return. After recovery (minimum 
30 min.) from the general anesthesia the in- 
spiratory ventilation volume on room air was 
measured by spirometer. This was made pos- 
sible by an hx’draulic flutter valve! interposed 
between the tracheal cannula and the spirom- 
eter. The dead space of the system was 
3 to 5 cc. This compares favorably with the 
dead space of the eliminated respiratory tract 
above the cannula in the rabbit. 

Measurements were then continued as the 
animal was abruptly shifted to an atmosphere 
of S</o oxygen in helium for a period of 5 min- 
utes. After one or a series of such control 

1 A mndific.ition of the type pictuied on page 
20C, .lackson, D. E., Fipcrimcntal Pharmacology 
ami Materia Mcelica, 2nd Edifinii, 1939, C. V. 
Mosby Co., St. Louis, Mo. 
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TABLE I. 


Occurrence of Sespiratoiy Arrest on Exposure to Circa 5% Oo for 5 Minutes. 


Treatment 

Xo. of rabbits 
showing no arrest 

Xo. of rabbits 
showing anest 

ISTornial 

49 

*7 

Dibenamine in Propylene Glycol and Etliyl Alcoliol aa 12-24 
mg/kg* 

O 

20 

Dibenamine in 50% Alcohol 12-24 mg/kg 

1 

4 

Dibenamine in 50% Propylene Glycol 12-24 mg/kg 

1 

5 

Propylene Glycol 50% 2 ce 

(i 

0 

Alcohol 50% average 0.5 eo 

G 

0 

Propylene Glycol and Absolute Alcohol Sa average 0.5 ce 

6 

0 


^ Br Clii square test the prohability of cliaiiee distribution of 29 positive in 33 as opposed to 
2 positive in 49 is less than 1 in 10,000. 


observations on the effect of hypo.xia, Di- 
benamine (at a concentration of 50 mg/cc 
in the chosen medium) ^ was administered in 
marginal vein of ear in calculated dose over 
a period of one minute. Usuall}- the primary 
dosage of Dibenamine was 12 mg/kg. 

After a variable delay the ventilation 
volume on room air was measured and the 
animal was again presented with the ht'poxic 
atmosphere for S minutes. If respirator}' ar- 
rest occurred artificial ventilation was estab- 
lished after 1 to 2 minutes of apnea, bj' means 
of human e.xpired air through the tracheal 
cannula. Successive periods of hypo.xia were 
rarely at intervals less than 20 minutes. 


Gas mi.\'tures were made in large rubber 
bag of some 1500 liter capacity and analyzed 
for o.YVgen content repeatedly through the 
dav’s experiments. iMa.xinuim variation of 
different days’ mixtures was 4.Q-5.5fo oxygen 
(mean 5%±:0.5). 

Observations. Table I records the in- 
cidence of respiratory arrest in rabbits ex- 
posed to hypoxia for S-minute periods after 
various medications. 


iVonaai Controls. The 2 cases of respira- 
torv arrest in 49 normals showed arrest only 
once each in several trials. 
for arrest to occur was 230 and 240 seconds 
respectivelv. It was repeatedly shown that 

Siinute periods of 

dispose to respiratory arrest m J^ter 5-m n 
periods of exposure (U animals up to 9 t,^ 


,n otlicr oce.isions. 


each over periods up to 6 hours). 

Dibenamine: Incidence. In the total 
series of 38 animals given Dibenamine S died 
within 10 minutes of the intravenous injec- 
tion of 12 mg/kg. Twenty-three animals 
showed arrest during hj^poxia after the first 12 
mg of the drug. Six animals required a sec- 
ond dose at the end of an hour or more before 
arrest would result from hypoxia. The re- 
maining 4 animals never showed respiratory 
arrest. 

The pattern oj respiratory arrest after Di- 
benamine was bizarre. The rise of ventila- 
tion %'olurae at the beginning of the period 
of hypo.xia (average 59^ rise) differed little 
from that of the control hjpoxic condition 
(average 72% rise). However, after an aver- 
age exposure of 158 seconds (in 44 trials, 
range 30 to 300 seconds) the respiration be- 
came more labored, followed abruptly by an 
apparently tonic contraction of the dia- 
phragm, accompanied by twitching move- 
ments of the abdomen. Simultaneously the 
tidal volume fell to zero and the tonic con- 
traction faded out. Thereafter no respira- 
tory movements appeared in most animals 
though one or two gave a feeble gasp reflex. 

Duration of susceptibility to respiratory 
arrest. In animals tested serially to deter- 
mine the time course of susceptibility to res- 
piratory arrest on exposure to hypoxia, ar- 
rest could be elicited at the earliest in most 
animals between 20 and 40 minutes (mean 
33 minutes) after the administration of the 
drug. Susceptibility endured throughout the 
period of test (up to 4 hours) in a number 
of animals. In others the ability to compen- 
sate for hjpo.via returned, .after as little as 
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48 minutes following administration of Di- 
benamine. 

Controls receiving solvents without Dibcn- 
aminc. See Table I. 

Discussion. That the susceptibility to res- 
piratory arrest is not dependent on sorne 
residual effect of the pentothal was demon- 
strated by the occurrence of respiratory ar- 
rest in cats under the same conditions except 
that cyclopropane was utilized during the 
preparatory period. The pilot experiments 
in the cat also showed that the susceptibiliU' 
to arrest is not species specific in the rabbit 
alone. 

That the helium was not an active factor 
in the elicitation of respiratory arrest was 
shown in animals tested on nitrogen and oxy- 
gen (5%). Five minutes on this mixture 
never caused arrest in several trials in each 
of 11 animals tested before Dibenamine. It 
was at least as potent in producing respira- 
tory arrest after Dibenamine. 

That the phenomenon observed was a true 
respiratory arrest was shown by the de- 
mise of 8 animals allowed to go untreated 
in the apnea which occurred during hypoxia 
after Dibenamine. No animal ever recovered 
spontaneously from this state of arrest. On 
resuscitation spontaneous respiration was re- 
established promptly after a minute or more 


of artificial ventilation with human expired 
air. 

As to the mechanism of action of Diben- 
amine in inducing respiratory arrest during 
hjTioxia little evidence is available. Pilot 
experiments have shown that bilateral vago- 
tom 3 % with its removal of inhibitorx'- sensorx' 
discharge does not prevent the occurrence 
of arrest on hj'poxia after Dibenamine (3 
animals). Three e.xperiments suggested that 
Dibenamine does reverse the normal pressor 
response to hj'poxia in rabbits as in other 
species. However, the fall of blood pressure 
is inconstant and respiratory arrest has been 
noted unaccompanied by a depressor re- 
sponse. .Acapnia seems an unlikeh' cause 
of the apnea, since the hjperx^entilation nor- 
malty seen in hj^ioxia of this grade is at 
least as great as that after Dibenamine. Fi- 
nalty, a direct depressant action of Diben- 
amine on the respiratory center seems un- 
likely, since the center still responds to the 
carotid body under hypoxia bj'- inducing hj''- 
perventilation. 

Summary. Rabbits given Dibenamine 12 
to 24 mg/kg in propylene glycol or ethyl 
alcohol by vein show sudden respiratory ar- 
rest within 3 minutes of exposure to hypoxia 
(circa O 2 in helium). 
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Results of Heteropliile Antibody Agglutination and Kahn Tests in Patients 

with Viral Hepatitis.* 


W. P. Havens, Jr., J. M. Gambescia, and Marjorie Knowlton. 
(Introduced by H. A. Reimann.) 

From the Hepatitis Center, 120th Station Hospital, Sayreuth, Bavaria, American Zone of 


Occupation, 

.Attempts to develop a specific immunologic 
test for viral hepatitis have been unsuccess- 
ful, up to the present, although positive re- 

* Tills work was conducted under tlie auspices of 
the Commission on Virus and Rickettsial Diseases, 
.\rmy Epidemiological Board. Oflice of the Burgeon 
General, U. S. Army, W.ashington. D.C. 


Germany. 

suits have been described in certain sero- 
logic reactions in this disease.i'--^ Eaton 
ct al- reported that 34% of a group of pa- 

1 Sawyer, VT. A., Meyer, K. F., Eaton, M. D.. 
Bauer, J. H., Putnam, P., and Schwentker, P. F.' 
--tm. J. Hyg., 1944, 3J). .137; .Am. J. Ilrg 3044 
•10, 33. . . 
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tients in the acute phase of hepatitis de- 
veloped an heterophile antibod}'^ which ag- 
glutinates sheep erythrocytes in a titer of 
1:40 or greater. The titer of this antibody 
rarely rises above 1:160^ and may be dif- 
ferentiated from that appearing in patients 
with infectious mononucleosis by its absorb- 
ability on boiled guinea pig kidney and hu- 
man liver. 


It has also been reported tliat a certain 
number of patients with viral hepatitis de- 
velop transient falsely positive tests for 
syphilis,^ and as many as 20% of one group 
of patients were reported to have falsely 
positive Kahn and Wassermann tests during 
the course of acute hepatitis." 

Such a substantial percentage of positive 
serologic tests, occurring during the course 
of hepatitis, might constitute a problem in 
diagnosis. Certain similarities between hepa- 
titis and infectious mononucleosis, such as 
the presence of cervical lymphadenopathy 
and lymphocytosis as well as the frequent 
occurrence of evidence of hepatic dysfunction 
in the latter disease, make differential diag- 
nosis more difficult. 


During recent years, e.vperiments con- 
ducted under the auspices of the Army Epi- 
demiological Board on the transmission of 
infectious hepatitis to volunteers have made 
it possible to study certain serologic reactions 
in these patients. In addition, a recent op- 
portunity to survey the serologic response of 
a large number of patients with hepatitis in 
an American Army hospital has provided 
certain data. It is the purpose of this paper 
to report on the results of the heterophile 
antibody agglutination, Kahn, and cold ag- 
glutinin tests in these two groups of patients. 
“ Method and Materials. Subjects. The 
patients are divided into 2 groups. Group I : 
30 previouslv healthy male volunteers, rang- 
ing in age from 19 to 29 y ears, contracted 

.-jnd HarforU, 

V L., /. Exp. Med., 1944, TO, 539. 

3 Olitski, L., .-ind Benikopf, H., J. hxpcci. Vu., 

J- H., Bnt. H.A J., 194G, March 9, 

^IkuzcH, IV. C., and Puceinelli, V Bun. V. S. 
Arm Med. Dept., 1944. 80 (Sept), 3. 


infectious hepatitis experimentally, follow- 
ing inoculation or ingestion of material knovra 
to contain infectious hepatitis virus. The 
strain of virus used in these experiments has 
been previously described.® Group II: 478 
subjects were patients in an Army hospital 
in Germany from June 1947 to February 
1948. They had contracted acute hepatitis 
during the performance of duty. It is quite 
probable that many of these cases were e.x- 
amples of homologous serum jaundice, but 
in view of the fact that there are no means 
at present for differentiating infectious hepa- 
titis from serum hepatitis clinically, the cases 
have all been classified as viral hepatitis. 
The diagnosis of hepatitis was made in both' 
groups on the basis of characteristic symp- 
toms and signs, accompanied by consistent 
deflection of appropriate tests of hepatic 
function. All patients in this report had 
clinical jaundice. 

In Group I, the heterophile antibody ag- 
glutination, Kahn, and cold agglutinin tests 
were determined before experimental inocula- 
tion. All were negative. These subjects were 
tested again during the 2nd, 3rd and 4th 
weeks of disease, and sera with positive re- 
actions were retested at weekly' intervals un- 
til negative. 

In Group II, these tests were performed 
in various stages of infectious hepatitis, rang- 
ing from the 1st to the 30th week. Numerous 
serial determinations were made, and the 
majority of tests were done during the first 
8 weeks of disease. Sera with positive re- 
actions were retested at weekls'^ intervals un- 
til negative. 

Results. Heterophile antibody agglutina- 
tion tests. Technique oj test. The tests 
were carried out according to the method of 
Stuart.' Sera with a titer of 1:56 were 
absorbed on boiled guinea pig kidney and 
retested. 

The results of the determinations in 508 
patients represented in Groups I and II are 

6 Havens, W. P., Jr., Ward, R., Drill, V. A., .and 
P.aul, J. I?., Pnoc. Soc. Bxp. Biol, a.vd XIeb,, 1944, 
57, 200. 

~ Stuart, C. A., Infectious Mononucleosis (in) 
Diaffttostic Procedures and Peapenis, 2iid Ed., 
New York, Am. Pub, Health Assn., 1045, p. 440. 
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TABLE I. 

Results of Hetcroplule Antibody Agglutination 
Tests in 508 Patients witb Yital Hepatitis. 



Xo. of patients 

Week of disease 

Tested 

Positivc’‘ 1:50 

1 

11 

0 

O 

110 

1 

3 

167 

A 

4 

192 

4 

5 

158 

3 

c 

153 

0 

7 

132 

1 

8-12 

372 

3 

13-17 

75 

1 

18-30 

37 

1 


* After absorption on boiled guinea pig kidney, 
titer was 1:7 or negative. The first positive test 
for each patient is recorded. Subsequent serial 
determinations of positive tests are not included 
in this table. 


TABLE rr. 

Results of Kahn Tests in 3S8 Known Kon-luetie 
Patients •'vith Viral Hepatitis. 


Week of 
disease 


No. of patients 

Week tests 
bee.ime 
negative 

Tested 

Positive* 

Doubtful* 

1 

70 

3 

1 

2nd, 3rd 14th 

.1 

175 

2 

4 

3id, 5tb, 7tb 

3 

237 

0 

E 

4tl\, Ctb, 7th 

4 

247 

0 

1 

5th 

5 

212 

1 

0 

14th 

f) 

195 

0 

1 

7 th 

7 

153 

0 

0 


S-12 

290 

0 

0 


13-17 

58 

0 

0 


18-30 

S 

0 

0 



* Alt tests reported as positive or doubtful had 
less than 10 Kahn units. The first positive test 
for each patient is recorded. Subsequent serial 
determinations of positive tests arc not included in 
this table. 

recorded in Table I. The volunteers in 
Group I, who were all known to have negative 
tests before experimental inoculation with 
hepatitis virus, failed to develop positive re- 
actions during the 2nd, 3rd or 4th week 
after onset of disease. In Group II, none 
of the patients had titers of heterophile anti- 
body above I; 14 at the 2-hour reading, al- 
though 41 patients had titers of 1:2S at the 
12-hoiir reading. Sixteen patients had posi- 
tive tests at tlie 12-hour reading witli titers 
of 1-.56 which were reduced to 1:7 or nega- 
tive following absorption on boiled guinea 
pig kidney. 

Kahu tests. Technique of test. The 


TABLE in. 

Results of Cold Agglutiuiu Tests in 323 Patients 
with Yir.al Hepatitis. 


Week of 
disease 

No. of patients 
^ 1 
Positive* 
Tested 1:33 

Week test 
became 
negative 

1 

37 

0 


o 

SI 

0 


3 

100 

0 


4 

lOS 

0 


o 

79 

0 


e 

79 

0 


7 

60 

1 

stu 

s 

45 

1 

9tb 

9-12 

111 

0 


13-16 

40 

0 


17-23 

16 

0 



’‘Tests reverted to negative after standing 3 
hours at room temperature. The first positive 
test for each patient is recorded. Subsequent 
seri.al determinations of positive tests are not 
included in this table. 

standard and quantitative Kahn tests were 
carried out according to methods recom- 
mended by the U. S. Army.® 

The results of testing 388 patients in 
Groups I and II are recorded in Table II. 
One of the volunteers in Group I developed 
a positive Kahn test in the 2nd week of dis- 
ease which became negative in the 7th w’eek. 
It is of interest to note that this patient had 
a superimposed bacteremia ivith 5. cholera 
S7iis.° In Group 11, 358 patients, w’ho were 
known not to have s 3 ’philis, were tested. Si.x 
patients developed positive Kahn tests, and 
10 had doubtfully positive tests. These tests 
became negative between the 3rd and 14th 
week of disease in all patients. 

Cold agghtlinin tests. Technique of tests. 
The tests were carried out according to the 
method recommended by Bray.^** 

The results of testing 323 patients in 
Groups I and II are recorded in Table III. 

s Turner, T. B., and Rein, C. R., Sero-dingnosis 
of Syphilis, Gimp. XII, (in) Simmons and 
GenUbow’s iMboraiory Methods of the United 
States Army, 5th Ed., Pliiladelphi.i, Lea and 
Febigcr, 19-i-l, p. 124. 

0 Havens, W. P., Jr., and IVenncr, H. A., J. Clin. 
Invest., 194G, 25, 45. 

10 Bray, vr. E., Synopsis of CUnicat tahoratory 
Methods, 3rd Ed., 1944, St. Louis, C. V. Mosby 
Company, p. 103. 
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tients in the acute phase of hepatitis de- 
veloped an heterophile antibody which ag- 
glutinates sheep erythrocytes in a titer of 
1:40 or greater. The titer of this antibody 
rarely rises above 1:160, and may be dif- 
ferentiated from that appearing in patients 
with infectious mononucleosis by its absorb- 
abilitj'- on boiled guinea pig kidney and hu- 
man liver. 


It has also been reported that a certain 
number of patients with viral hepatitis de- 
velop transient falsely positive tests for 
syphilis,* and as many as 20% of one group 
of patients were reported to have falsely 
positive Kahn and Wassermann tests during 
the course of acute hepatitis.® 

Such a substantial percentage of positive 
serologic tests, occurring during the course 
of hepatitis, might constitute a problem in 
diagnosis. Certain similarities between hepa- 
titis and infectious mononucleosis, such as 
the presence of cendcal lymphadenopathy 
and lymphocytosis as well as the frequent 
occurrence of evidence of hepatic dysfunction 
in the latter disease, make differential diag- 
nosis more difficult. 


During recent years, e.xperiments con- 
ducted under the auspices of the Army Epi- 
demiological Board on the transmission of 
infectious hepatitis to volunteers have made 
it possible to study certain serologic reactions 
in these patients. In addition, a recent op- 
portunity to survey the serologic response of 
a large number of patients with hepatitis in 
an American Army hospital has provided 
certain data. It is the purpose of this paper 
to report on the results of the heterophile 
antibody agglutination, Kahn, and cold ag- 
glutinin tests in these two groups of patients. 

Method and Materials. Subjects. The 
patients are divided into 2 groups. Group /.- 
30 previously healthy male volunteers, rang- 
ing in age from 19 to 29 years, contracted 


w. D., a«d Hanfom, 
■ T Exp. Med., 1944, 79, 539. 

OUts’ki, L., ana Bernkopf, H., Infect. D.., 

wSl!' J. H., Ent. VeA A, 1940, March 9, 

KurcU, IV. C., and PuccinelU, V BuV. V. S. 
nij Med. Dept., 1944, SO (Sept.), 3. 


infectious hepatitis experimentally, follow- 
ing inoculation or ingestion of material known 
to contain infectious hepatitis virus. The 
strain of virus used in these e.\periments has 
been previously described.® Group II: 47S 
subjects were patients in an Army hospital 
in Germany from June 1947 to February 
1948. They had contracted acute hepatitis 
during the performance of duty. It is quite 
probable that many of these cases were ex- 
amples of homologous serum jaundice, but 
in view of the fact that there are no means 
at present for differentiating infectious hepa- 
titis from serum hepatitis clinical!}', the cases 
have all been classified as viral hepatitis. 
The diagnosis of hepatitis w'as made in both 
groups on the basis of characteristic symp- 
toms and signs, accompanied by consistent 
deflection of appropriate tests of hepatic 
function. All patients in this report had 
clinical jaundice. 

In Group I, the heterophile antibody ag- 
glutination, Kahn, and cold agglutinin tests 
were determined before experimental inocula- 
tion. All were negative. These subjects were 
tested again during the 2nd, 3rd and 4th 
weeks of disease, and sera with positive re- 
actions were retested at weekly intervals un- 
til negative. 

In Group II, these tests were performed 
in various stages of infectious hepatitis, rang- 
ing from the 1st to the 30th week. Numerous 
serial determinations were made, and the 
majority of tests were done during the first 
8 weeks of disease. Sera with positive re- 
actions were retested at weekly intervals un- 
til negative. 

Results. Heterophile antibody agglutina- 
tion tests. Technique of test. The tests 
were carried out according to the method of 
Stuart.' Sera with a titer of 1:56 were 
absorbed on boiled guinea pig kidney and 
retested. 

The results of the determinations in SOS 
patients represented in Groups I and II are 

0 Havens, W. P., .Ir., W.nrd, R., Drill, V. A., .ind 
P.tul, J. R., Pitoc. Soc. Exp. Biol, amp Xfno., 194-t, 
57, 200. 

T Stuart, C. A., Infectious Mononucleosis (in) 
Diapnosiic Procedures and Peagents, 2nd Ed., 
New York, Am. Pub. He.nlth Assn., 1945, p. 449. 
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The volunteers in Group I, who were all 
known to have negative tests before experi- 
mental inoculation with hepatitis virus, failed 
to develop positive reactions during the 2nd, 
3rd or 4th week after onset of disease. In 
Group II, 2 patients had positive tests with 
a titer of 1:32, which reverted to negative 
after standing at room temperature for 3 
hours. 

Summary. Heterophile antibody agglu- 
tination, Kahn, and cold agglutinin tests 
were performed in 2 groups of patients with 
viral hepatitis. Sixteen out of 508 patients 
(3%) dev'eloped positive heterophile anti- 
bod j' tests with titers of 1:56 which were 


reduced to 1:7 or negative by absorption on 
boiled guinea pig kidney. A rise and/or 
fall in titer of antibody was demonstrable 
in serial weekly determinations. Out of 3S8 
patients who were known not to have syph- 
ilis, 6 (1.5%) developed positive Kahn tests, 
and 10 others (2.5%) had doubtful tests. 
Two out of 323 patients had cold agglutinins 
present in a titer of 1:32. 

The relatively small number of positive 
heterophile antibody agglutination and Kahn 
tests is in contrast to reports of others-'^ who 
have found a considerably higher percentage 
of positive tests. 
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Factors Influencing the Growth of Integumentary Pigment in Fishes, I, The 

Role of Light.*t 

Clinton M. Osborn.* (Introduced by V. F. Lindeman.) 

From the Department of Anatomy, The Ohio State Vniversify, a?i(1 the TToofte Hote Oceano- 
graphic Institution, Woocts Hole, Mass. 


It is a common observation that light is 
associated with changes in body pigmenta- 
tion such as “tanning.” Numerous clinical 
observations^-® indicate that certain t3^pe3 of 
pigmentation deficiencies in man may be cor- 
rected by light treatment. In lower mammals 
Bissonnette and others have demonstrated 
that pigmentation may be influenced by' il- 

in r-H't 'A'’ « Bru-lic Fim<l 
grant ntiministered by Professor G. II. Parker am! 
in part by equipment provided iiy t!ie Elizabeth 
Tiioiiipsoii Science Pnnd. 

t Contribution No. -127 of tlie M oods Hole 
Occ.ano^raphic Institution nlio.se resenrcli faeili- 
tics wore generously provided for this iuvestig.-i- 


; Now loc.ated at Syracuse Pniversit.v. 
.Montgomery, V., A. Cat. ami Fnn. D,s.. 1904. 

> Buschke, A., and Mulzer, P., Bel. KUn. 

rhnschr., 1907, 157o. 

I Moser, Med. KUnih, 190,, 4-, 130^ 

5 With, a, Frit. J. Dermal., 19-0, a_. - 


lumination while e.xperimental evidence has 
accumuiated indicating the importance of 
light in producing integumentary pigmenta- 
tion in lower vertebrates. Cunningham®'* 
working with flatfishes; Herbst and Ascher® 
using salamander larvae: Viher"’ studying 
a.xolotls; Sumner and Wells Sumner and 
Doudoroff Odiorne;’® Sumner;*^’® Os- 

« Cunmagiiam, J. T., /tool. Anceiger. 1S91. 14, 
27. 

" t'uiiuiiigham, J. T., J. Marine Bioi. Assn. 
Vnited Kingdom, JS93, 3, 111. 

s ruuiiuigham, J. T.. J. Marine Dial. Assn., 
1S9.1. 4, .S3. 

u Herbst, C.. .oiid Aschor, P., Doux Jreh. Enlic. 
Mech. Organ, 1927, 112, 1. 

in Vilter, V., C. D. Soc. Biol. 1931, 108, 774. 

11 Sumner. P. B.. and Wells, N. E., J. Bxp. 
Zool., 1933. «4, 377. 

12 Simmer, P. B., and DoiidorotT, P., Fro, .Vat. 
Acad. Set., 1937, 2.3. 211. 

WOdiorae, J. M.. ./. Fxp. Zool, 1937. 7«, 441. 

14 Sumner, F. B., Am. .Yaturatist, 1939, 12;{. 
219. 




Plate II. 

All pliotogrnplis :ire of tlic normally unpigmcntcd ventral .surf.ace of living summer flounders. 
All inserts are further reductions of the corresponding animal. 

Fio. 4. Summer flounder hlack-adapted 2\<2 days, blinded and placed in a brightly illum- 
inated nhite tank (reflecting about IG SVeston units) for 28 days. A considerable increase in 
ventral inelannphore production over that seen in the previous figures. 

Fio. 5. Black-adapted 2 days, blinded and maintained in the special apparatus providing 
direct ventral illumination of high intensity (about 400 IVeston units) for 20 day.s. First 
evidence of melanin formation was noted at about 90 hours. Note that the ventral surface has 
become quite completely darkened by an extensive covering of mclanophores. 

Fig. G. This fish was maintained under the s.amc conditions as described for Fig. 5. In 
addition an opaque mask was afllxcd to cover part of the ventral surface (sec insert). This 
mask was kept in place during the entire sojourn of the animal in the ventral illumination 
app.aratus (2G days). The mask was removed and the photograph taken at the end of that 
time. The area protected from the light is free from mclanophores. 
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born;^--^ and Dawes-- experimenting w’ith 
various species of fishes have all reported 
experiments concerning integumentary pig- 
mentation in which light was an important 
factor. In recent work^”--^ it was found that 
melanophore development in normally non- 
melaninated areas depended upon the main- 
tenance of two general conditions. First, the 
internal environment must be one which 
favors darkening in the normally pigmented 
areas; and, second, the external environment 
must provide illumination (direct or by re- 
flection) to the integument. 

The experiments reported here were de- 
signed to obtain more detailed information on 
the role of light in the development of melan- 
ophores on the normally unpigmented surface 
of the summer flounder. 

Materials and Methods. Summer flounders 
freshly caught from Woods Hole waters were 
used for the e.xperiments. The water tem- 
perature for all experiments ranged between 
18 and 21 °C. The e.\'perimental fishes were 
background-adapted in black tanks illumin- 
ated artificially from above. Light intensity 
(reflected or transmitted) was measured by a 
Weston exposure meter. The following modi- 
fications were made on the ventral illumina- 
tion tubs previously described (a) remov- 
able false bottoms of perforated glass were 
rested upon glass supports ^ inches above 
the permanent glass floor to allow water to 
circulate between the 2 glass plates and pro- 
tect the lower surface of the fishes from over- 
heating; (b) three independent water inlets 
near the bottom of the tub provided rapid 
circulation and adequate overflows connected 
to variable level standpipes allowed easy ad- 
justment of the water level; (c) the light 
intensity was increased by using a total of 

15 Sumner, S’. B., /. Zooh, IStO.i, 83 , 3 t/. 

10 Sumner, F. B., Siol Sev. Camhridffc Philo. 



600 Watts for each glass bottomed tub and 
the walls and ceiling of these special tubs 
were white to produce a high incidence of 
internal reflection. 

After being black-adapted, the e,xperimen- 
tal flounders, 106 in all, were totally blinded 
by enucleation. Opaque masks of black cloth 
were held in position b}’' suturing eadi corner 
to the base of an adjacent fin ray. This kept 
the mask securely in place without hamper- 
ing the normal movements of the fishes. 
Photographic records of the living fishes were 
made at frequent intervals, supplemented bi’’ 
others of preserved animals. 

Adequate unoperated control animals (Fig. 
1) in a natural environment were available 
for purposes of comparison as the e.vperiments 
progressed. 

Experimental. Summer flounders previous- 
ly black-adapted and totally blinded were 
placed in total darkness (E.vp. 1); subjected 
to different amounts of overhead illumination 
where mostly reflected light reached the ven- 
tral surface (Exp. 2, 3 and 4); e.vposed to 
direct intense illumination ventrally without 
masking local areas (E-xp. 5) or protecting 
parts of the ventral surface with opaque 
masks (E.xp, 6). 

Exp. 1. Summer flounders black-adapted 
then blinded as previously described were 
kept in total darkness from 2 to 6 weeks. 
Without e.xception these animals failed to 
develop any general melanination on the ven- 
tral surface (Fig. 2). Here and there a black 
scale did appear but all were cases of re- 
generating scales where the original had been 
lost during e.\perimentai manipulation. This 
will be considered as a constant in subsequent 
e.xperiments described here. The pigmenta- 
tion of regenerated scales comprises a special 
situation which must not confuse the objec- 
tives of these experiments. 

Kxp. 2, 3, 4. These 3 e.xperiments em- 
braced changes in intensity of light source 


26, 155 . and shade of background so that the light 

IS Osborn, C. 'il., Anat. Pcc. Supp ., . ' > reflected from the surfaces was 0.1 to 0.2, 


70. „ f jg 40 (. 2.0, and 16.0 Weston Units respccti\-ely. 

19 Osborn, C. M-, Anat. Jlrc. upp ., , > (jQnsjdering the findings from these e.xpcri- 

107. 1041.1 81 341- nients collectively it was observed that the 

20 Osborn, C. il., Biol. Bw ventral melanin appeared on those 

21 Osborn, C. M., Biol. « i ^ ’ fishes illuminated most intensely and long- 

22 Dawes, B., .r. Exp- ' 
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melanophores of intact scales. 

2. Light passing directly through glass 
bottomed tanks onto the lower surface of the 
flounders was the most effective in producing 
melanophores. This means of illumination 
delivered the most intense light to the ventral 
surface of the fish and could be most ac- 
curately measured. 


3. The use of opaque masks indicates that 
light affects the cell directly to produce 
melanin. 

4. The melanination of regenerating scales 
is apparently not dependent upon the pres- 
ence of light. Investigation of this special 
problem is being continued. 
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Technique for the Biomicroscopic Study of the Ovary and the Fallopian 

Tube. 

Clemente Estable. 

From i?ic Instititto (7e Ini'cstigacion tie Ciaicias Bioldfjicns, Monicvidrn. 


In order to explore the ovary microscopic- 
ally ill vivo a method is described, the first 
step of which is the eventration of the ovary, 
with or without the Fallopian tube, and its 
placing in a subcutaneous loggia. To do 
this, the animal (rabbit) is fastened on its 
back, with the posterior part of its body 
rotated 30’ to 45° on the longitudinal axis. 
Ether or some other anesthetic is admin- 
istered. Then the ovary, with or without 
the Fallopian tube, is reached via a discreet 
section of the abdominal wall, slightly under 
the dorso-lateral line projected by the course 
of the Fallopian tube, and behind the kidney. 
Then the great external obliquus muscle is 
pierced by means of a surgical knife or the 
tip of a scissors slightly above this first in- 
cision, and the broad ligament is gently 
clamped; without being touched, the ovary is 
thus eventrated through the small opening 
in the muscle, the aponeurosis of which serves 
as a bed. All suturing close to the ovary 
should be avoided and is not necessary, as 
the ovary remains in its new position by 
simply placing it perpendicularly to the in- 
cision (Fig. 1). When removing the ovary 
from the abdomen great care must be taken 
not to provoke any circulatory or nervous 
disturbances; this point is of the utmost im- 
portance as regards all further activity of the 
ovary. The wound in the skin should not 


coincide with the ovarian surface or with the 
wound in the muscle which forms the bottom 
of the subcutaneous loggia. flap-like por- 
tion of skin should cover the ovary, or the 
Fallopian tube, or both, as the case may be. 
Neither the suture of the muscle nor that 
of the skin should be in contact with the 
organs in the subcutaneous loggia. Thus, the 
ovary, the tube, or both can be easily reached 
without causing trauma. The best material 
for study is that in which no adhesion be- 
tween skin and ovary arises; this is usually 
prevented by the secretions of the transferred 
organs, as well as bj' the frequent opening 
of the loggia necessary for repeated macro 
and microscopic studies of the ovary and the 
Fallopian tube. 

Visualhatiou capsule. The first experiment 
performed tried to keep the ovarv visible 
through a grafted cornea. This procedure 
was a failure. 

The visualization capsule is made up of 4 
parts: (a) an ebonite ring of varying di- 
ameter and height, threaded on the inside 
and having a flat perforated base which al- 
lows it to be sutured under the skin, and 
large enough to accommodate the ovary and 
the Fallopian tube; (b) a second ring which 
screws into the first to which is fastened an 
extremely fine, transparent and elastic, re- 
movable diaphragm; 2 small holes in the ring 
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est. Fig. 3 and 4 illustrate typical cases. 

Exp. 5. In this experiment intense light 
(400 IVeston Units or 25X as much as was 
used in E.xp. 4) was directed to the ventral 
surfaces of the fishes through glass bottomed 
tanks. This method provides two significant 
advantages. First, it is possible by using 
various lamps to subject the lower surface 
of the experimental animal to any intensity 
desired; and second, it is possible to measure 
with accuracy the amount of light falling 
directly upon the lower surface of the fish. 
Thus, illumination may be rigidly controlled. 

Under such favorable conditions pigment 
formation proceeded rapidly. Frequentl}’- it 
was possible to detect some evidence of 
melanophore formation during the fourth day 
of illumination and after’ 4 weeks of such 

treatment the entire ventral surface was 

\ 

found to be, generally darkened with an ex- 
tensive growth of melanophores (Fig. 5). 

Exp. 6. Success in blackening the ventral 
surface so completely with melanophores in a 
relatively short time suggested an e.xperiment 
designed to determine whether the pigmen- 
tation response was due to the direct effect 
of illumination, assuming the internal en- 
vironment to be optimum in all the experi- 
ments, or whether it was necessary only that 
light be present for the reaction to continue. 
It was reasoned, therefore, that if it were 
necessary for light to fall directly upon the 
cell (direct effect) areas covered by an 
opaque mask would remain unpigmented 
while exposed areas would develop melano- 
phores as in Exp. S. On the other hand if 
it was necessary only that a fish with opti- 


provides a direct stimulus to the particular 
cell destined to develop into a melanophore 
by producing melanin. 

Discussion. It becomes clear from the 
data presented that light is not only a very 
significant factor in the experimental de- 
velopment of melanophores in a normally 
unpigmented area but also that there is a 
correlation between the amount of pigment 
grown, the intensity of the light and dura- 
tion of the exposure. Data of a sufficiently 
quantitative nature to determine whether 
this relationship is direct over all ranges of 
light intensity- are not available. It is prob- 
able, however, that a direct relationship be- 
tw'een light intensity^ per unit time and de- 
gree of melanination would not hold in ranges 
of very high intensity. The physiological 
limit of the rate at which melanin could be 
formed would probably be reached before 
arriving at extremely high intensities of light. 

The impression should not be gained from 
these experiments, however, that light is the 
most important single factor in the produc- 
tion of melanophores. Although it is obvious- 
ly^ an essential factor (except perhaps in the 
case of regenerated scales) it must be em- 
phasized that the condition inside the cell as 
evidenced by the degree of dispersion of 
melanin granules in Uie cells of normally pig- 
mented areas must represent the darkening 
phase of the fish. The ineffectii'eness of high 
intensities of light directed on the surface 
of a flounder while in a phy'siological con- 
dition not favoring darkening is strikingly 
shown in the case of a white-adapted fish 
where, instead of melanin production one 


m internal phy'-siological conditions be 
lerally illuminated one might e.xpect that 
; pigmentation reaction would go on under- 
ith°the mask regardless. 

Accordingly, flounders prepared as in Exp. 
xere further provided with opaque masks 
described previously (Fig. 6— insert), 
ev were illuminated ventrally (400 Iles- 
1 'units) as before and simple, clean-cut 
ults were obtained. The exposed surfaces 
■ame melaninated but the protected area 

aained as free from 
. control fishes. This striking result .-en 
Fi« 6 seems to indicate dearly that light 


witnesses an actual decrease in dark pigmen- 
tation due to melanophore degeneration.’- *^ ■■ 
The observation that in physiologically dark 
flounders regenerating scales develop melano- 
phores even in the absence of illumination 
is further evidence that in certain in.-tance.s 
light is not necessary for the growth of 
melanin in melanophores. The problem of 
the pigmentation of regenerating .‘caies rep- 
resents a special case which deserves more 
detailed investigation in the future. 

Summary. 1. In addition to a factorable 
internal environment in the cell, light is 
necessary for the development of melanin in 
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phragm affords poor protection of the ovary 
against drying. 

The, subcutaneous ovary may be examined 
daily with the microscope, — the binocular, 
the ultrapaque or a mono-objective type; in 
the latter case a microlamp, an illuminating 
needle or a thin spatule of plastic material 
is placed directly beneath it or by perforating 
the tissues under the ovary. 

When, through an error in operating, the 
hind leg of the rabbit rubs against the cap- 
sule, the sciatic nerve is sectioned to avoid 
irritation of the ovary, thus paralyzing the 
leg. 

Precautions must be taken against vascular 
block, — as this might cause gangrene, — and 
against inflammatory irritations or damage to 
the nervous fibers. Obviously, this is not a 
subcutaneous graft of the ovaiy; it is a care- 
ful and adequate eventration, which main- 
tains circulation and innervation intact. 


With the technique for the faiomicroscopic 
examination of the ovary and the Fallopian 
tube presented above, it is possible to follow, 
under the microscope, the development of 
the Graafian follicle, its circulatory changes, 
the exact moment when the “stigma” appears, 
its dehiscence, the flow of the follicular liquid 
carrying away with it the oocyte, and the 
peristalsis of the Fallopian tube. 

Observations already made are being pre- 
pared for publication. 

Summary. For the microscopic observa- 
tion in vivo of the mammal ovarjf and the 
Fallopian tube, two techniques are described, 
with special reference to the rabbit: (1) the 
transference of the ovary to a subcutaneous 
loggia, (2) the eventration of the ovary and 
its protection by a visualization capsule 
through which microscopic examination is 
possible. In both cases nervous and vascular 
connections are kept intact. 
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Effect of Sodium Bicarbonate and Ammonium Chloride on Ascorbic Acid 

Metabolism of Adults. 

Betty E. Hawthorne* and Clara A, Storvick.* (Introduced by J. S. Butts.) 
From the School of Some Economics, University of Washington, Seattle, Washington. 


A consistent lowering of the urinary ascor- 
bic acid excretion of adults has been observed 
when an increased urinary pH is effected by 
the ingestion of sodium bicarbonate,'---® 
Guinea pig experiments measuring “scurvy 
scores” and body stores of ascorbic acid' in- 
dicated that the lowered excretion of ascorbic 
acid as a result of the ingestion of sodium 
bicarbonate appeared to represent an increase 

• Present .-xddress, School of Home Economics, 
Oregon State College, Corc.nllis, Oregon. 

1 Heincmann, JI., J. Clin. Invest., 1041, 19, 39. 

2 H.aivley, E. E., Stephens, D. G., and Anderson, 
G., J. X^ltritian, 193G, 11, 135. 

sp.attorson, I., unpublished data, Cornell Uni- 
versity, Ith.-ica, X.T., 1942, 

lH.awloy, E. E., Daggs, E. G., and Stephens, 
D. J,, J, Kutrition, 1937, 14, 1. 


in retention rather than greater destruction 
as might be supposed from in vitro experi- 
ments. This communication reports for the 
first time, as far as we know, the results of 
simultaneous daily determinations of plasma 
and urinary ascorbic acid concentrations of 
adults on controlled ascorbic acid intakes in- 
gesting sodium bicarbonate or ammonium 
chloride. 

Experimental. The subjects were 2 adult 
women, C. C. and J. G., in normal health, 
both actively interested in nutrition research. 
The e.xperiment was divided into 3 periods 
of 14 days each: 1st period — basal diet® 
(containing by analysis 7 mg of ascorbic 

c Lewis, J. S., Storvick, C. A., and Hauck, H. M., 
J. Xutrition, 1943, 25, 1S5. 



446 


Bio-microscopic Study of Ovary and Fallopian Tube 



X -lU. i. 

Ovary (A) transferred to the great obliquus muscle of the abdomen (B). 
The eveutratiou ivas performed through a small opening. The ovarv stars 
til situ ivithoiit ligature or suture. 



Fig. 2. 

Erentrated ovarv, ivithin the li.ved part of the 
visualization capsule. 


serve to screw or unscrew it; (c) an ebonite 
lid which screws onto the outside of the up- 
per portion of the first ring, closing the ovar- 
ian chamber hernieticall.v (Fig. 2, 3); it can 
be removed very easily every time it is neces- 
sary to make macro and microscopic obser- 
vations of the ovary; (d) a metal ke\ with 
2 fine spigots which fit into the holes in parts 
(fa) and (c) for screwing or unscrewing. 
This mobilitv and the elasticity of the dia- 
phragm undoubtedly facilitate biomicroscopy 



. y 


Fig. 3. 

Ovary lying inside the visualization cap.sule, 
protected by a transparent, elastic diaphragm. 

and make preservation of the o\'arj’ v’er}'' easy. 
The rigid diaphragm prevents the frontal lens 
of the objective from being brought as close 
to the ovarian surface as one would wish, 
becoming blurred more rapidly and being 
more difficult to replace. The construction 
allows the removal of parts and whenever 
necessary the e.vaniinafion of the ovary with- 
out any diaphragm. The lid protects the 
diaphragm and insures better asepsis; the 
capsule with the lid and without the dia- 
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ammonium chloride increased the urinary ex- 
cretion of ascorbic acid. The mean daily 
urinary ascorbic acid excretions for the 3 
periods are: C. C. 1st period, 26*1.3 mg, 
2nd period, 19*2.0 mg, and 3rd period, 
44*4.1 mg; and J. G. 1st period, 41*2.7 
mg, 2nd period, 34*7.6 mg, and 3rd period, 
46*4.3 mg. The differences between the 
periods were significant for C. C. but not 
J. G. tested according to Livermore’s for- 
mula; differences must be 2 times the stand- 
ard deviation of the differences.® The mean 
dailj' plasma ascorbic acid levels were con- 
sistently and significantly® decreased from 
the levels of the regular control diet with the 
addition of sodium bicarbonate or ammonium 
chloride. The mean daily plasma ascorbic 
acid values for the 3 periods are: C. C. 1st 
period, 0.98*.03 mg %, 2nd period, 0.87* 
.02 mg %, 3rd period, 0.89 *.02 mg 
and J. G. 1st period, 0.98 *.02 mg %, 2nd 
period, 0,81 *.04 mg and 3rd period, 
0.79*.01 mg %. 

Hathaway and Clever'-* have defined “uti- 
lization" as the difference between intake and 

■ rarim.-r. C. J., and Alit, A. F,, Fnoc. Soc. ExP. 
Bloc. .VXD Med.. 1!)30, HI, 1<)23. 

Ilauik, II. M., pcrisonal communication, 1943. 

9 Untiiatvay, M. L., and Meyer, F,, J. A'lilritioii, 
1941, 21, 503. 


excretion. By this definition the subjects’ 
apparent “utilization” on the 3 periods was 
as follows; C. C., 61^0, 72%, and 34%, 
and J. G., 39%, 49%, and 31%, respectively. 
Apparent “utilization” is then increased with 
the administration of sodium bicarbonate and 
decreased with ammonium chloride ingestion. 
However, the lowered mean plasma ascorbic 
acid values and the varied plasma and urin- 
ary e.xcretion responses to the administra- 
tion of a test dose at the completion of each 
period (Fig. 1) are not consistent with the 
apparent percentage “utilization.” 

Summary. This study indicates that the 
changes in the e.xcretion of ascorbic acid are 
not accurate indications of utilization. The 
ingestion of both salts significantly lowered 
the mean plasma ascorbic acid content of the 
subjects indicating an interference with nor- 
mal utilization. The reduced excretion of 
ascorbic acid with the ingestion of sodium 
bicarbonate both daily and in response to a 
test dose would seem therefore to represent 
more accurately increased destruction of 
ascorbic acid in the e.xcretor}’- process; and 
conversely, the increased excretion with am- 
monium chloride would seem to represent 
increased preservation in the excretory pro- 
cess. 
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W. Wilbur .Ackermaxh- and .Alfred Taylor. 

From the Biochemical Insiituic, The Univcrsilif of Texas, oiitT the Clacton Foiindatwn for 


Jtc search. 

This research is the first of a series of at- 
tempts to apply a new method to the study of 
chemical embryology. The usefulness of 
metabolic analogs (anti-vitamins, anti-metab- 
olites) in the study of the metabolism of 
microorganisms has been fully demonstrated 
by Shive and his co-workers in this laboratory 

* Itop.ulic B, Hite Fellow. 

1 Sliive, W., .111(1 Macow, .T., J. Biol. Chem., 1946, 
UI2, 451. 


Atistin. 

by the development of the method of “inhibi- 
tion analysis”.!- An outgrowth of these find- 
ings, which has been in prospect in this labo- 
ratory for some time, is an attempt to block 
metabolic reactions in embryonated and can- 
cer-bearing eggs and to apply the same meth- 
ods of study to these tissues. A study of the 
effect of precursors of the competing' metab- 

a Beerstcclier, E., niid .Sliive. W.. ./. Biol. Chem 
1946, 104, 53, 
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acid) plus 60 mg of crystalline ascorbic acid 
daily; 2nd period-basal diet plus 60 mg of 
ascorbic acid plus 15 g XaHCO, daily; and 
3rd period— basal diet plus 60 mg of ascorbic 
acid plus 4 g NHiCl daily. Preceding each 
experimental period the subjects were satu- 
rated with ascorbic acid« and each period was 
concluded with a determination of response 

^ STT li rr At. and StorricL, 

"Ticiser, W. B., " 

C. A., J- ^'iRTition, 1339, 1', 


p.m.; and the 4 g of ammonium chloride 
were given as 2 g portions dissolved in %v 3 ter 
at lo'a.ra. and 3 p.m. The pH and ascorbic 
acid determinations were made on 24 -hour 
urine collections according to the method 
described by Belser, Hauck and Storvick. 
Fasting plasma ascorbic acid values were 
determined by the method of Farmer and 
Abt.’ 

Results. The results are illustrated in 
Fig. 1. When compared with the control 
period, sodium bicarbonate decreased and 

rTlii- .-intliors to ;ickiiou!c<Igc tlie .i.s.sist- 

.mee of Catherine Cobb .nnd Joseplnnc Gr.-tliam 
for these dctcnnin.ntions. 
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ammonium chloride increased the urinary ex- 
cretion of ascorbic acid. The mean daily 
urinary ascorbic acid excretions for the 3 
periods are; C. C. 1st period, 26±1.3 mg, 
2nd period, 19i:2,0 mg, and 3rd period, 
44±4.1 mg; and J. G. 1st period, 41 ±2.7 
mg, 2nd period, 34±7.6 mg, and 3rd period, 
46±4.3 mg. The differences between the 
periods were significant for C. C. but not 
J. G. tested according to Livermore’s for- 
mula; differences must be 2 times the stand- 
ard deviation of the differences.® The mean 
daily plasma ascorbic acid levels were con- 
sistently and significantly® decreased from 
the levels of the regular control diet with the 
addition of sodium bicarbonate or ammonium 
chloride. The mean daily plasma ascorbic 
acid values for the 3 periods are; C. C. 1st 
period, 0.98±.03 mg %, 2nd period, 0.87± 
.02 mg %, 3rd period, 0.89 ±.02 rag Jo\ 
and J. G. 1st period, 0.9S±.02 mg Jo, 2nd 
period, 0.81 ±.04 mg Jo, and 3rd period, 
0.79 ±.01 mg Jo. 

Hathaway and Meyer® have defined "uti- 
lization" as the difference between intake and 

~ Fiii mor. C. J.. Hiid Abt, A. F., Proc. tioc. Exp. 
Biol, axd Med.. 1936, Hi, 1625. 

s Ilauck, II. M., personal eummunie.alion, 1943. 

^ Hathaway, M. L., and Meyer, F., .1. Xulrilton, 
1941, 21, ooi 


e.xcretion. By this definition the subjects’ 
apparent “utilization” on the 3 periods was 
as follows; C. C., 61%, 72%, and 34%, 
and J. G., 39%, 49%, and 31%, respectively. 
Apparent “utilization” is then increased with 
the administration of sodium bicarbonate and 
decreased with ammonium chloride ingestion. 
However, the lowered mean plasma ascorbic 
acid values and the varied plasma and urin- 
ary excretion responses to the administra- 
tion of a test dose at the completion of each 
period (Fig. 1) are not consistent with the 
apparent percentage “utilization.” 

Summary. This study indicates that the 
changes in the excretion of ascorbic acid are 
not accurate indications of utilization. The 
ingestion of both salts significantly lowered 
the mean plasma ascorbic acid content of the 
subjects indicating an interference with nor- 
mal utilization. The reduced excretion of 
ascorbic acid with the ingestion of sodium 
bicarbonate both daily and in response to a 
test dose would seem therefore to represent 
more accurately increased destruction of 
ascorbic acid in the excretory process; and 
conversely, the increased excretion with am- 
monium chloride would seem to represent 
increased preservation in the excretory pro- 
cess. 
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Research, 

This research is the first of a series of at- 
tempts to apply a new method to the study of 
chemical emiiryology. The usefulness of 
metabolic analogs (anti-vitamins, anti-metab- 
olites) in the study of the metabolism of 
microorganisms has been fully demonstrated 
by Shive and his co-workers in this laboratory 

* Ttosnlie B. Hite Feliow. 

I Sliivc, W., .niid Maeow, .T., ■/. Biol. Chem., 1946, 
t«2, 451. 


-Instill. 

by the development of the method of “inhibi- 
tion analysis".^'® An outgrowth of these find- 
ings, which has been in prospect in this labo- 
ratory for some time, is an attempt to block 
metabolic reactions in embryonated and can- 
cer-bearing eggs and to apply the same meth- 
ods of study to these tissues. A study of the 
effect of precursors of the competing metab- 

2 Becrsteclier. E,, .Rnd .Sliivo, IV.. .T. Biol. Chem 
1946, I«4, 53, 
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olite on such an inhibitor in embryonic tis- 
sue holds promise of information as to the 
embryo’s biochemical abilities, as well as af- 
fording a means of following the development 
of the biochemical potentialities of the em- 
bryo in much the same manner that the mor- 
phological development has been traced. 

The inhibitor, 3-acetylpyridine, used in this 
investigation has already found use in the 
production of pellagra-like symptoms in the 
mouse, an animal normally requiring no exo- 
genous source of nicotinic acid.® It has been 
reported that its toxicity on this animal can 
be nullified by feeding nicotinic acid or tn'p- 
tophan which have been postulated as precur- 
sors of nicotinamide.^'® 

Developing chick embryos are inhibited by 
3-acetylpyridine and this inhibition can be 
reversed competitively by nicotinamide, but 
nicotinic acid and tryptophan are much less 
active reversing agents. Details of some of 
these experiments with embryonic chicks and 
their implications are presented below. 

Testing Methods. All solutions, injected 
into eggs were adjusted to a pH of 7 and rvere 
equivalent in osmotic pressure to .58% saline. 
Sterilization was accomplished by autoclaving 
and the same precautions of aseptic technique 
were used in yolk-sac injection as are de- 
scribed for tumor in egg cultivation.® Deaths 
were determined by candling. Time and 
temperature of incubation are given in the 
tables. 

Results. The results shown in Table I in- 
dicate that 600 7 of 3-acetylpyridine per egg 
is lethal in 24 hours when injected into the 
yolk-sac. Sub-lethal doses of 3-acetj'lpyri- 
dine or lethal doses rendered just sub-lethal 
by the addition of nicotinamide or precursors 
of this vitamin, cause a mal-development of 
the chick. Some of the sinnptoms associated 
with the toxicity were undersized deformed 
let's and a general edematous-like condition 
over the surface of the body. These symp- 
toms could be prevented by the simultaneous 

453 . 

4 WooUcy, D. W., /. BM. Chem., 1946, 1C2 X79. 
5Hosc«, r., Huff, J. TFv aBd Perku-mg, W. A., 

J. Slot. Chem., 1946, 163, 313. . , n 

c Taylor, A., Tracker, J., aud Pcuuuigton, D., 

Science, 1942, OS, 342. 


of large amounts 


of nicotinamide 


injection 

with the 3-acetylp3'ridine. 

Reversal oj the Lethal E§cct. The amount 
of nicotinamide necessary' to just nullify the 
lethal effect of 3-acetj'lp}'ridine increases as 
the concentration of this inhibitor increases. 
Further, from Table I it can be seen that the 
relationship of these 2 substances is a com- 
petitive one and that the inhibitor-substrate 
(J-acetjdpj'ridine-nicotinamide) ratio is ap- 
proximatelj' 14. In order to determine this 
ratio, it is necessary to measure the total in- 
hibitor and substrate which is just non-lethal 
to the egg. However the egg itself contains 
some nicotinamide and for this a correction 
must be made by deducting from the total 
3-acetylpyridine that amount which corre- 
sponds to the ma.ximum non-lethal dose. 

The justification for determining the in- 
hibition constant in this manner can be dem- 
onstrated concisely if we allow; 

I = Tot.ii iuliibitor 
S = Total substrate 
S. =r Added substrate 

A ^ 

S^, = Substrate jircseut in egg initially 

I = Maximum nou-letlial level of iiibibitor 
0 

E = Enzyme 
K = Inhibitor-substrate ratio 
P = Product of substrate 
The competition of inhibitor and substrate 
for some specific enzymie has been represented 
by the following expressions: 

S-fE^E.S-j-E-hP 
I -b B ^ El 

For such a competitive system bj' definition, 
the ratio of I lo S is a constant 
l 

(1) - K 
s 

Since S represents the total amount of nico- 
tinamide present, and this is composed of the 
vitamin already' in the ,volk plus that which 
has been injected then: 

(2) S = S„ -f S, 

From e.xpression (1) and (2) one obtains; 

I 

- — — — — =: K 
S= + 

or bv rearrangement: 

(3) I = -b KS„ 

Now from equation (3) it is obvious, that 
when the added substrate is zero, the amount 
of inhibitor which the eggs will tolerate is 
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TABLE I. 

Effect of B-Acetylpyridiiie and Nieotinaniide on 4-ctav-old Chicks. 


Nicotinamide 
7 per egg 

3-Acetylpyti(line 

7 per egg 

No. of eggs* 
injected 

Exper. 
fraction dead 
in 24 hr 

Control! 
fraction dead 
in 24 hr 


Sa 

_ 

400 

8 

0.00 

0.00 

— 


450 

S 

0.13 

0.00 

— 

— — 

500 

7 

0.14 

0.00 

— 



550 

7 

0.14 

0.14 

. — 

— 

GOO 

8 

1.00 

0.00 

— 

80 

2000 

7 

0.72 

0.00 

— 

90 

2000 

7 

0.43 

0.00 


100 

2000 

7 

0.00 

0.00 

14.5 

160 

3000 

7 

0.72 

0.00 

- 

180 

3000 

7 

0.00 

0.00 

13.6 

200 

3000 

7 

0.00 

0.00 

— 

200 

4000 

8 

1.00 

0.00 



220 

4000 

8 

0.63 

0.00 


230 

4000 

7 

0.57 

0.14 

— 

240 

4000 

8 

0.00 

0.00 

14.4 

280 

5000 

8 

0.50 

0.00 



313 

5000 

8 

0.00 

0.00 

14.2 

325 

5000 

8 

0.00 

0.00 

— 

350 

0000 

8 

1.00 

0.00 



370 

6000 

8 

0.75 

0.00 

— 

380 

6000 

8 

0.00 

0.00 

14.3 


* 4-day-old eggs were used, incubated at Z7°C. 
t Control eggs were injected with .58% sterile saline. 

{ These values were calculated; I and S correspond to the inhibitor and substrate added and 
Ig is the maximum non-lethal dose experimentally determined as 550 y per egg. 


K So and represents the largest non-lethal 
dose. Designating SpK as !„ and substituting 
in expression (3) one has by rearrangement; 

(4) K 

So 

In this last equation the inhibitor-substrate 
ratio, K, is expressed in all experimentalh' 
measurable quantities. 

From the experimental value of and the 
average experimental value of K, the quantity 
of So can be estimated, since by designation in 
e-xpression-* 

lo = 

O <J 

The value of S„ so estimated for eggs averag- 
ing 56 g was found to be approximately 39 y. 
The value of Cheldelin and Williams'^ deter- 
mined by microbiological assays is .72 y per 
gram or 40.3 7 per 56 g eggs. 

‘ Cheldelin, V. H., .und tVilliams, E. J., The 
JjnivcrsHy of Texas Puhlicaiion, 1942, No. 4237 
103. 


Effect of Nicotinic Acid and Tryptophan. 
The effects of nicotinic acid and tryptophan 
on the toxicity of 3-acetylpyridme on 4-day- 
old embryos is shown in Table II. It is strik- 
ing that these two substances while active 
against low levels of inhibitor are much less 
potent than the nicotinamide. This does how- 
ever demonstrate that the 4-day-old chick has 
the mechanism for the biochemical conversion 
of nicotinic acid and tryptophan to nicotina- 
mide and that the ability is very feeble. This 
might indicate that at this stage of develop- 
ment the concentration of the enzymes neces- 
sary for the conversion of nicotinic acid to its 
amide is very low. 

Summary. 1. Embryonic chicks were in- 
hibited by the direct injection of 3-acetylpyri- 
dine into the yolk-sac, 2, It was shown that 
this inhibition could be reversed competitii'ely 
by nicotinamide over the range of 2000 to 
7000 7 per egg, 3. Evidence is presented 
showing that 4-day-old chick embrjms have 



452 


Effect of pH on MAI Virus 


TABLE II. 


Effect of Kieotiiiie Acid and Tryptophan on tlie Toxicity of S-AcetylpyricTmo. 


3-AcctyIpyridme 

Nicotinic acid 

TryiitopUan 

No. of eggs* 

Eraetion dead 

7 per egg 

7 per egg 

7 per egg 

injected 

in 24 111- 

1500 

0 

0 

6 

1,00 

1500 

2000 

0 

6 

0..50 

1500 

2500 

0 

G 

0.67 

2000 

0 

0 

7 

1.00 

2000 

2000 

0 

7 

1.0I> 

2000 

2500 

0 

7 . 

O.SS 

600 

0 

0 

7 

0.S(5 

600 

0 

7500 

7 

0.00 

630 

0 

0 

7 

1.00 

030 

0 

7500 

7 

0.00 

700 

0 

0 

7 

1.00 

700 

0 

7500 

7 

0.14 


* All eggs incubated at ST^C and Averc 4 days old at t=me of injection. 


a very limited capacity to convert nicotinic cause a ma!-development of the chick env 
acid to the corresponding amide. 4. Sub- bryo. 
lethal levels of 3-acetylpyridine are shown to 
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Effect of pH on MM Virus. 

Albert Schatz* and Hildegard Placer. (Introduced by Grace AI. Sickles.) 
JFrom the Division of Lahoratories and Desearch, Xew Tor}: State Department of Heaith 

AJbanp. 


A'lAI virus was originally isolated from a 
hamster which had been injected intracere- 
brally with cord and medulla of a fatal case of 
poliomyelitis. Typical and severe poliomye- 
litic lesions are induced by it in the central 
nervous system of hamsters and albino mice.* 
Serologically AIAI virus appears to be 
similar to the SK virus of Jungeblut and 
Sanders- but differs from the Lansing-like 
Doliomyelitic strains and the The iler virus.^ 

tute for Cancer Ecsearch, Memorial Hospital, Nmv 
^xlnSblnt, C. W., and Dalldorf, G.. Am. A. 
P„I,. S' Sanders, M., E.p. 

2 Jungeblut, 0. u., anu 

Med., 1940, 72, 407. , , 

3 Dalldorf, G., to be pubbsbed. 


The virus is highly virulent for mice by the 
intraperitoneal as well as the intracerebral 
route. Thus it affords an opportunity for 
testing the effects of antibiotic agents on small 
amounts of a virus which induces poliomye- 
litic lesions in the test animal. In relation to 
a problem of this kind* an investigation was 
made of the effect of pH on AIAI virus. 

Procedure. Alouse brains from the 45th to 
the 48th generation stored in S 05 ’c glycerol 
were ground, made up in a lOjlc suspension 
usually in salt solution containing \0^/c of in- 
fusion broth or occasionally in di.stiiled water, 
and centrifuged to remove large particle.^. The 
supernatant fluid was used at once or after 

rSekitz, A., .and Plapcr, If., Dtdl. Torr.il Hat. 
Cluh. 194S, 7.1. 250. 



Effect of pH 

storage in the dry-ice box. Albany standard 
strain mice^ weighing 10 to 12 g were 
injected intraperitoneally. By this route of 
inoculation the majority of animals given 
0.05 ml of a 0.5 x lO"® dilution of mouse 
brain were usually dead or paralyzed by the 
seventh day. Unless otherwise specified, ani- 
mals were observed over a period of one week 
after which experiments were discontinued. 
Five mice were employed for each individual 
test. 

The buffers were Michaelis’ veronal 
acetate,® Sorenson’s glycocoll sodium hy- 
droxide,® and the phthalate, phosphate, bor- 
ate, and hydrochloric acid mixtures of Clark 
and Lubs.® These were made up approxi- 
mately to the desired pH and sterilized by 
heating for 10 to 15 minutes in a water bath 
or by autoclaving for 15 minutes at 15 pounds’ 
pressure. In most instances, 0.5 ml of a 10^ 
distilled-water dilution of virus-infected 
mouse brain was added to 4.5 ml of buffer. 
The effect of distilled water and of physio- 
logic saline adjusted to different reactions 
with acetic or hydrochloric acid was also 
determined. After the desired periods of 
incubation at room temperature, dilutions 
were made in broth-salt solution and tested 
in mice. 

Final pH values for the suspensions were 
determined electrometricalh’ on correspond- 
ing normal mouse-brain mixtures, except for 
the first test with veronal acetate and glyco- 
coll solutions in which the effect of buffer 
dilution was duplicated with distilled water 
instead of normal mouse-brain suspension. 
Bromphenol and bromthymol blue indicator 
tests with 10“’ dilution of virus mouse brain 
and normal mouse brain in veronal acetate 
buffer at pH 4.0 and 7.0 and also in aqueous 
suspensions at pH 7.4 revealed no dift'erence 
in reaction between the normal and infected 
mouse-brain suspensions. For solutions at 
pH 9.0 and above, corrections for sodium-ion 


♦ A usi'd at tlif Hivisioii of Labnrnlorics 

aiiil IJeseai'oli, New York State Dopartiiieiit of 
Healtli, Altiany. Y’ork. 

•’ Miciiaelis, L., Biochem. Z., 1931, 2tl 1. 139. 
'■'Clark, W. M.. The BdcTminniion of Jlydroncn 
toii.% Baltimore. Williams .and tVilkins. 192S. FlTp. 



454 


Effect of pH on JBI Virus 



concentration were taken into account. In- 
oculation of mice with virus-free buffers at 
the e.\’tremes of pH indicated no to.\icity for 
the solutions per se. When streaked on blood- 
agar plates, the raLvtures gave no gron-th. 

Experimental Results. Tables I and II 
indicate the pH tolerance of JIM virus in the 
different buffers at room temperature. These 
results and other data not presented here show 
that under the conditions of the e-xperiment 
the virus when exposed at KB dilution was 
stable in the neutral and alkaline solutions. 
There was a definite loss of activitr- within 
twenW-four hours in the veronal-acetate and 
phosphate buffers below pH 7. On the other 
hand, the virus survived for at least 2 days 
in glycocoll and borate solutions at pH 9.95 
and 9.55, respectively, but a decrease in 
activity was evident when tested on the 7th 
day. The veronal-acetate buffer, at appro.x- 
imately pH 7.8, contained infective virus in 
the 20^ dilution after seven days at room 
temperature followed by refrigeration for 8 
days. There was no significant difference 
between the phosphate and phthalate buffers 
at pH 6.0. However, the results did indicate 
that virus survival was somewhat better at 
around pH 8.0 in the borate than in the phos- 
phate medium; at 10^ dilution, active virus 
was present in the former but not in the 
latter buffer after 7 days at room temperature 
followed by 10 days at 4°-6°C. 

In a more detailed experiment, ten-fold 
virus dilutions from I0~- through ICF® or 
lO"' in broth salt solution, were exposed to 
equal amounts of veronal-acetate buffers. 
Similar dilutions prepared with normal mouse 
brain had pH values of 4.35, S.2S. 6.3S-6.4S, 
6.85-6.9S, 7. 75-7. S. After incubation for 1- 
and 7-day periods, suitable ten-fold dilutions 
were inoculated into mice. The results indi- 
cated. in general, a less deleterious effect of 
unfavorable pH in the more concentrated 
virus suspensions. The virus stability was 
definitely greater at pH 7.8 than at pH 6.9. 
In this e.xperiment and in several others, 
there was occasional evidence of some virus 
siuwival at around pH 4.0 as compared to 
that at pH S.O. While these results are 
suggestive of greater virus stability somewhere 
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in the vicinity of pH 4.0 than at acid reactions 
immediately above or below, more detailed 
studies would be required to ascertain whether 
this is actually so. 

Whether the increased virus survival in 
the lower dilutions and the apparent occa- 
sional survival at approximately pH 4.0 were 
due to a protective action of the mouse-brain 
constituents is not known. No visible floc- 
culation of the mouse-brain suspensions oc- 
curred in the buffers with 10^ dilution. How- 
ever, at a dilution of lO"-, maximum precipita- 
tion was observed at pH 3 to 5. This is in 
agreement with a similar observation of 
Wenner' on flocculation in mouse-brain virus 
suspensions at pH 4.0 to S.5. 

The effect of acidifying MINI virus sus- 
pensions immediately before inoculation was 
also studied. Hammon and Izumi® using the 
Armstrong mouse-adapted poliomyelitis virus 
and Wenner with the Lansing strain reported 
that the mortality rate for mice inoculated 
with mouse suspensions at pH 4.0 and 4.6 
respectively, was higher than the death rate 
of animals given neutral or alkaline inocula. 
In order to determine whether the MM strain 
was affected by readjustment before inocula- 
tion, 10"^ and 10"^ dilutions of the virus were 
exposed to veronal-acetate buffers of pH 4, 
6, and 8; the broth-salt control was at pH 
7.2. After incubation for 1- and 24-hour 
intervals, a portion of each virus-buffer sus- 
pension was adjusted with 0.47c NaOH 
to about pH 7.5. These alkalinized suspen- 
sions, as well as samples of the corresponding 
unadjusted virus-buffer mixtures, were in- 
oculated into mice within an hour. The results 
indicated that readjustment to the favorable 
reaction range had no beneficial or potentiat- 
ing action. In these experiments light was 
not excluded during the exposure periods. 

In other tests, however, in which distilled 
water, physiologic saline, and buffer solutions 
were compared, precautions were taken to 
protect the test material from possible effects 
of licht. Under these conditions, results with 

rWfimor. It. A.. Pnoc. Soc. Exi>. Biol. Axm 
JIp.. im.-,. (to, 10 - 1 . 

- Hanunmi. \V. M., .nut Izumi. E. 51., Pr.oc. .Soc. 
1 -XP. Biol, .vxn Men., lOtl, 48, o70. 
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concentration were taken into account. In- 
oculation of mice with virus-free buffers at 
the extremes of pH indicated no toxicity for 
the solutions per sc. When streaked on blood- 
agar plates, the mixtures gave no growth. 

Experimental Results. Tables I and II 
indicate the pH tolerance of j\IM virus in the 
different buffers at room temperature. These 
results and other data not presented here show 
that under the conditions of the e.xperinient 
the virus when exposed at ICH dilution was 
stable in the neutral and alkaline solutions. 
There was a definite loss of activity within 
twenty-four hours in the veronal-acetate and 
phosphate buffers below pH 7. On the other 
hand, the virus survived for at least 2 days 
in glycocoll and borate solutions at pH 9.95 
and 9.55, respectively, but a decrease in 
activity ivas evident w'hen tested on the 7th 
da\^ The veronal-acetate buffer, at approx- 
imate]_v pH 7.S, contained infective virus in 
the 10^ dilution after seven days at room 
temperature followed by refrigeration for S 
days. There was no significant difference 
between the phosphate and phthalate buffers 
at pH 6.0. However, the results did indicate 
that virus survival was someivhat better at 
around pH S.O in the borate Uian in the phos- 
phate medium; at ICH dilution, active virus 
was present in the former but not in the 
latter buffer after 7 daj^s at room temperature 
followed b\' 10 day's at 4°-6‘C. 

In a more detailed e.xperiment. ten-fold 
virus dilutions from lO”- through lO'*"' or 
10''^ in broth salt solution, were exposed to 
equal amounts of veronal-acetate buffers. 
Similar dilutions prepared with normal mouse 
brain had pH values of 4.35, 5.25, 6.35-6.45, 
6.S5-6.95, 7.75-7.8. .'\fter incubation for 1- 
and 7-day periods, suitable ten-fold dilutions 
were inoculated into mice. The results indi- 
cated. in general, a less deleterious effect of 
unfax'orable pH in the more concentrated 
virus suspensions. The virus stability was 
definitely greater at pH 7.S than at pH 6.9. 
In this e.xperiment and in several others, 
there was occasional evidence of some \’irus 
survival at around pH 4,0 as compared to 
that at pH 5.0. While these results are 
suggestive of greater virus stability somewhere 
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rissoles implicated in a food poisoning out- 
break. 

Some success in producing experimental 
Streptococcus faccaUs food poisoning in man 
is reported in the present paper. 

Expcrhncntal. Studies with Kittcus. Studies 
were carried out with 70 kittens in which 
evaporated milk containing 20'hour cultures 
(test animals) or evaporated milk alone 
(control animals) was fed. This line of in- 
vestigation was found to be unsatisfactory 
and abandoned because it was noted that the 
controls occasionally developed diarrhea. 

Studies with Human Subjects. All persons 
who served as subjects for these studies had 
undergone physical examination and gave 
no history of recent gastro-intestinal dis- 
turbance. I'olunteers were given food which 
had been e.xperimentally contaminated with 
Streptococcus faccalis. 

Feeding with 20-hour Cultures. Attempts 
to produce experimental gastroenteritis with 
20-hQur cultures of Streptococcus jaccalis 
were not fruitful. Twenty-one volunteers 
were fed 2.5 to 50 ml of 20-hour cultures 
of this streptococcus grown in milk or 
infusion broth. In no instance was a definite 
food poisoning syndrome provoked although 
4 subjects complained of slight nausea which 
persisted in one individual for 24 hours. 
There were no such complaints among 11 
volunteers who drank the vehicle without 
organisms. The reason for the failure of these 
20-hour cultures to produce symptoms is not 
apparent. 

Feeding with 5-hour Cultures. Four strains 
of Streptococcus faccalis were used. Three of 
these (.•V4, B3, J-\2) had been isolated from 
human feces within 2 months of their use; 
the fourth, .A34.1, had been isolated about 
one year previously from a can of evaporated 
milk implicated in an outbreak of gastro- 
enteritis. 

Three different foods were used; they were 
egg salad, custard, and sterile milk. Each 
food was prepared in average sized individual 
portions. The portions were inoculated with 
5.0 ml of a 20-hoiir infusion broth culture, 
incubated at 37 for 5 hours and then 
served. The egg salad portion consisted of 


the amount needed for one sandwnch, the 
custard portion of one cup, and the milk of 
50 ml which was diluted with sterile milk 
to make up one glassful. Foods used for 
control purposes were prepared and incubated 
in the same manner as were the test foods 
except that no cultures were added to them. 

All feedings were given shortly before noon. 
There was no marked difference in taste 
between the treated and untreated foods and 
the volunteers were unaware of the status of 
the food which each consumed. The volunteers 
limited their subsequent luncheon to lettuce 
and tomato sandwiches, tea or black coffee, 
and fruit. 

When symptoms occurred after the experi- 
mental feeding the diagnosis was made by a 
physician who did not know the test status 
of the individual concerned. 

Rcsidts and Discussion. The findings are 
recorded in Table I. It is noted that 6 of 
the subjects who ingested food contaminated 
with cultures of Streptococcus jaccalis had 
definite symptoms of food poisoning, while 
a seventh had questionable ones. Nineteen 
volunteers who ate the same contaminated 
foods developed no symptoms, while 18 others 
who received the same foods but without 
addition of the specific bacteria, likewise, re- 
mained negative. Only 2 of the 4 strains used 
provoked symptoms of food poisoning. One 
of these was a recently isolated fecal strain 
and the other had been recovered about one 
year previously from food implicated in an 
outbreak. Thus 6. possibly 7, of 17 persons 
who ingested these strains became ill. Some 
of those who showed no symptoms ingested 
larger doses than others who did become ill. 
The production of symptoms in only a frac- 
tion of the subjects is paralleled by' somewhat 
similar findings in some naturally^ occurring 
outbreaks of food poisoning apparentlv in- 
duced by Streptococcus Jaccalis.^ The 2 
strains which failed to produce symptoms 
were tested on a total of 9 persons. 

The use of S-hour cultures in this e.xperi- 
ment was based on observations of the growth 
rates of these organisms in broth culture 
which indicated that good growth had oc- 
curred in that time and also, perhaps more 
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veronal-acetate buffers were similar to those 
previously obtained. In the range tested, from 
about pH 4.0 to pH 6.0, phj'siologic saline 
had an effect similar to that noted with 
veronal-acetate buffer solutions. On the other 
hand, the survival of virus in distilled water 
over the same range rvas apparently greater. 
Material diluted to ICb® after exposure for 
24 hours in a 10~* dilution at about pH 4.0 
was lethal for mice. After exposure for one 
week virus had survived in the 10“^ dilution 
close to pH 4.0 (Table III). 

Summary. In various buffers, IMM virus 
■was stable at room temperature only at 


neutral or alkaline reactions. When diluted 
virus was exposed at approximately pH 1.0 
to neutrality the infectivity was diminished 
within twenty-four hours. There was a slower 
decrease in virus titer at pH 9 to 10. .At pH 
7 to 9, the virus was found to be stable for 
more than seven days. The deleterious effect of 
unfavorable pH was less for concentrated 
virus suspensions. iUM virus was apparently 
more stable in distilled water acidified with 
hydrochloric or acetic acid than in acidified 
physiologic saline or in veronal-acetate buffer 
solutions of approximately the same pH value. 
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Experimental Enterococcal Food Poisoning un Man. 

A. G. OsLER, L. Buchbikder, and G. I. Steffen. 
(Introduced by Ralph S. Muckenfuss.) 

From ihe Btircaa of LaVoratorifS, Bcparimoti of Bcatih, Xcw Tor): Cif.V- 


Several outbreaks of food poisoning of a 
mild type in which enterococci w’ere the pre- 
dominant organisms isolated from the sus- 
pected foods, are described in a previous 
paper.^ The literature on food poisoning 
caused by non-hemolytic streptococci is also 
discussed and it is pointed out that, in several 
instances in which the inculpated organisms 
were closely identified, they were found to be 
enterococci. 

The relatively small number of outbreaks 
reported as caused by Streptococcus jaccalis 
is in sharp contrast to the widespread occur- 
rence of this organism in nature.' Accordingly 
the studies reported in this paper were in- 
itiated in an attempt to determine whether 
Streptococcus jaccalis can act as a food 
poisoning agent. They consisted of feeding 
experiments with Streptococcus jaccalis em- 
ploying kittens and human volunteers. 

The literature contains the follmving refer- 
ences to e.xperimental streptococcal food 
poisoning in man. Ca ry, Pack, and Aleyers- 

G.. and i^en, G. 1..' 
PhZi. UcaUli itep., 1948, C3, 109. 


reported that a volunteer who had eaten parts 
of several sausages similar to others which had 
been implicated in an outbreak of mild gastro- 
enteritis, developed nausea which increased 
for 24 hours, with two periods of vomiting 
and epigastric pain, followed by marked ex- 
haustion and constipation. .A green '•pleo- 
morphic'’ streptococcus whose species desig- 
nation is not determinable from the descrip- 
tion given was isolated from the sausage. 
Later Cary. Dack, and Davisow' reported 
abdominal distress, cramps, and diarrhea, in 
5 of 7 volunteers who ingested "reasonable” 
doses of several strains of alpha streptococci 
which had been implicated in 2 outbreaks of 
food poisoning. On the other hand. Dolman’* 
reported failure to produce food poisoning 
in any of 4 volunteers each of whom had eaten 
a meat pie heavily infected with Streptococcus 
“viridans” which had been isolated from 

2 Cary, W. E., D.ntk, G. >f.. and .Mi i.is, i;„ 
Proc. Soc. Ext. Bioi.. AIeo., 1931, - 0 , CI4. 

3 Cary, W. E., Back, G. M., an'l l>avi.;.,ii, K.. 
I«f. jPw.. 1!>3S, «2, SS. 

•• Bnlni.nt, C. E.. Caninl, .T. P. //■> 1943. Bl. 97. 
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significantly, on the hnoivkclge that incuba- 
tion periods of such duration of suspected 
foods are frequently found in food poisoning 
outbreaks. It was found that 10 to 25 fold 
increases of initially large inoculums had 
taken place in the vehicle foods prior to in- 
gestion. 

It is of interest that the number of organ- 
isms which were found to produce experi- 
mental sjTnptoms in this study is of the same 
order as that which Kelly and Back" found 
able to produce symptoms of gastroenteritis 
when a strain of Staphylococcus aureus rvas 
fed. These authors produced illness in one 
volunteer with 48 X 10'* organisms and in 
another with 69.3 X 10^- lu the present 
study the symptom producing dose of Strepto- 
coccus faccalis ranged from 22.7 X 10^ to 
148 X 10^ organisms. This comparison is 
noteworthy since staphylococcal food poison- 
ing is believed to be caused by an “entero- 
to.\-in" while Sherman, Gunsalus, and Bellamy® 

5 Kelly, T. C., and Dack. G. M., J. P. U., 
1930, 2C, 1077. 

0 Slicrman, J. 'll,, Gunsalus. I. C., and Bellamy, 
tv. D., 57tli Annual Boport, N. Y. State Col, Agr., 
Coniell Kniversity Agr. Exp. Sta., 1944. 


suggest the possibility that the toxic principle 
of Streptococcus faccalis poisoning may be 
tyramine formed by the decarboxylation of 
tyrosine by this organism. Also perhaps 
worthy of comment is the fact that like 
staphylococcal food poisoning, streptococcal 
food poisoning usually has a short incubation 
period. 

Summary. Symptoms of acute gastric or 
intestinal disturbance or of both were pro- 
duced in 6, or possibly 7, of 26 human 
volunteers who ate foods in which strains of 
Streptococcus jaecolis had growm for 5 hours. 

-Attempts to produce similar symptoms in 
man with 20-hour cultures were unsuccessful. 
Kittens were found to be unsatisfactory test 
animals in feeding e.xperiments with inoculated 
condensed milk. 

Conclusion. The e.xperimental production 
of acute mild intestinal or gastric disturbance 
or both in man, tends to confirm the etiological 
role of Streptococcus jaecolis in naturally 
occurring outbreaks of food poisoning. 

Wo are indebted to Drs. William Birnkrant and 
Morris Greenberg of the Burean of Preventable 
Diseases who conducted the physical examinations 
and diagnosed the illnesses whieli occurred. 
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Distribution and Nature of the “Antigen” Responsible for E.xperimental 
Meningoencephalomyelitis in the Guinea Pig.^ 

Ellsworth C. .\lvord, Jr,! (Introduced by John G. Kidd.) 
from the Department of Fathotogy, Cornell University Zlcdical College, aa<I the New rorl; 

Hospital, ytcio Xorl: City. 


Previous work has shown that a meningo- 
encephalomyelitis, sometimes with foci of 
demyelinization, may occur in monkeys, 
guinea pigs, and rabbits 2 to 9 weeks follow- 
ing the subcutaneous or intramuscular in- 
jection of brain tissue mixed with acid-fast 


* Aided by a grant from the Enited States Pub- 
lic Hcaltb Service, 

t The able assistance of Mr. Pobert H. Purnell, 
Cornell University Mcdic.al College, is gratcfullv 
acknowledged. 


bacilli in a water-in-oil emulsion.^'® In con- 

I Morgan, I. M., J. Exp. 2Icd., 1947, SS. 131 
(preliminary report in J. Bacf., 1946, 51, 53). 

SKnhat, E. A., tfotf. A., and. Boxer, A. B., J. 
Exp. Med., 1947, 83, 117 (preliminary report in 
Science, 1940, 104, 302). 

3 Wolf, A,, Kab.at, E. .A., and Bexer, A. E., 
J. .Voiropnlh. and Exp. Xcur., 1017, 0, 333. 

4 Preund, J., Stem, E, B., and Pisnni, T, M,, 
J. Immunol., 1947, .37, 179. 

KopcloE, L. M.. and Kopcloff. N. ,T. Immunol 
1947, 37, 229. ’’ 
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gen” responsible for the meningoencephalo- 
myelitis is a phosphatide-like material present 
in the white matter of the central nervous 
system. Its properties serve to differentiate 
it from 4 of the 5 haptens thought to be 
present in brain.' “Xeurokeratin”^® has been 
eliminated by previous workers;® “protagon” 
and “sphingomyelin”^^ are included in the 

10 Bailey, G. H., and Gardner, J?. E., Am. J. 
Eyo; 19-12, 36, 205. 

11 Schwab, E., Z. f. ImmvnUiitsforscli. v. exp. 
Therap., 1936, 87, 426. 


non-phosphatide fractions tested in the pres- 
ent experiments and found to be inactive; and 
the hapten thought to be present in gray 
matter'i-i- is obvioush^ not necessary since 
it has now been found that white matter 
(optic nen-e) contains the “antigen.” AVhether 
the “antigen” is the same as the “alcohol- 
soluble brain hapten”^^’i--i® must await fur- 
ther studies. 

12 Beieliner H., and Witebsky, E., Ibid., 1934, 
81, 410. 

isEudy, H., Biochem. Z., 1933, 267, 77. 


16341 

Thiouracil and Mammary Growth.^t 

J. J. Trentin, V. Hurst, and C. W. Turner. 

From 17ie Department of Dairy Bvsbandry, University of Missouri, Columbia, Mo. 


There are a number of reports in the 
literature which would appear to indicate 
that the mouse and the rat may respond 
differently, as regards mammary development 
and responsiveness, during experimentalh’- 
induced h\-pothyroidism. 

Mixner and Turner^ have reported an in- 
creased mammary responsiveness of ovari- 
ectomized female mice to estrogen and pro- 
gesterone treatment when thyroxin was simul- 
taneously administered, while a decreased 
responsiveness followed thyroidectomj'. !Mix- 
ner^ later found that thiouracil administration 
had an effect similar to thyroidectomy in 
decreasing mammary responsiveness. IMorris 
ct al., found considerable mammarj' atrophy 

* Contribution from the Department of Dairy 
Husbandry, Missouri Agricultural Experiment 
Station, Journal Series No. 1097. 

t The dietbylstilbestrol and its dimethyl ether 
used in this investigation were generously provided 
by Merck and Co.. Rahway, N.J., and the thio- 
uracil by Lcdcrle Bab., Pearl River, N.T. 

1 Mixner, J. P.. and Turner, C. W., Endocrin- 
oingy. 1942, 31, 345. 

2 Mi.xner, J. P.. J. Dairy Science, 1947, 30, 57S. 

a Morris. 11. P., Dubnik, C. S., and Dalton, A. J., 

J. Mat. Cancer Inst., 1946, 7, 1.19. 


in virgin female mice fed thiourea® and 
thiouraciT. Gardner® observed mammarj' 
growth in male mice fed desiccated thjToid, 
but the effect was dependent upon intact 
testes. 

From these reports it would appear that, 
in the mouse, experimental^ induced mild 
h\-perthyroidism is conducive to enhanced 
mammarj' responsiveness, while the opposite 
is true of hv’pothyroidism. 

In the rat, however, Leonard and Reece,® 
and Smithcors and Leonard' have found that 
thv'roidectomy of both male and female rats 
caused an enhanced dev'elopment of the 
mammarj' gland. Thj-roidectomjf also in- 
creased the effectiveness of administered 
estrogen or testosterone propionate in stim- 
ulating mammarj' alveolar development. 
Chamorro®-® has also reported that thyroid- 

4 Morris, H. P., Dubnik. C. S., anti Dalton, A. .1.. 
Exhibit Abstract, Fourth Internat. Cancer Pes. 
Congress, Sept. 2-7, 1947, St. Louis. 

■’Gardner, W. V., Endocrinology, 1942, 31, 124. 
c Leonard, S. L., and Reece, R. P., Proc. Soc. 
E.XP. Biol, .^kd Med., 1941, 28, 65. 

< Smithcors, .1. F., and Leonard, S. L., Endo- 
crinology, 1942, 31, 454, ’ 

s Chamorro, A., C. B. Soc. Biol, 1946, 140, 499. 
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firmatory work in this laboratory an ascend- 
ing paralysis has developed in slightly more 
than half of some 90 guinea pigs following the 
single subcutaneous injection of one cc of 
similar emulsions containing guinea pig, 
rabbit, human, or beef brain suspended 1:20 
in 0.9% saline. The illness usually began 
IS to 31 days after injection, although it was 
delayed as long as 74 days in one case; the 
animals usually died within 10 da}'s, although 
some recovered and others remained para- 
h'zed for one to 2 months. Histological e.xam- 
inations of brain and spinal cord removed from 
about 30 paral 3 'zed guinea pigs in every 
case revealed a patch}' or diffuse perivas- 
cular inflammation, predominantly lympho- 
cytic, in the leptomeninges and entire central 
nervous system, most concentrated in the 
white matter. The evidence that this disease 
may represent an allergic reaction has been 
recently reviewed.'^ Further e-xperiments now 
to be described have shown that the “antigen” 
responsible for this e.\perimental disease is 
present in certain phosphatide-like e.xtracts 
of brain tissue, in a preparation of “purified 
brain lipids,”! and in optic nerve, which con- 
tains only white matter. 

To learn about the nature of the “antigen,” 
various extracts of whole moist beef or human 
brain were made according to the outline of 
Page,® using acetone, cold petrol ether, cold 
95% alcohol, ether, and warm pyridine. In 
all, 5 different preparations of phosphatide- 
fractions were made, these being insoluble 
in acetone and soluble in cold petrol ether 
and ether; 4 of these were further fraction- 
ated into a lecithin-component (soluble in 
cold 95% alcohol) and a cephalin-portion 
(insoluble in cold 95% alcohol). Eight differ- 
ent preparations of other fractions of brain 

G Morrison, L. E., Jirli. Xcur. ami Psiich.. liH7, 


oS, 391. 

“ Stex'euson, L. H., and Alvord, E. C., Jr., Jm, 
J. 19i7, 3, 614. 


+ A preparation goiierously supplictl by Dr, 
Jordi Fokli-pi. MeLcnn Hospital, WaverK-y. Mri-s., 
and 'uid to cout.nin practie.ally .ill of tl.e I'mids 
preset in nl>o!c br.iin .itul to be free of protein 

and carbohydrate. , 

8 Page, I. H., Chciirntril of ftic Ern)«, Ch.-irles 

C. Tliouias, .Springfield, 1P37, p. o4. 


were made. These included cholesterol and 
other substances repeatedly soluble in ace- 
tone; cerebrosides and sphingomyelin or a 
mi.xture of these referred to as “protagon,"'® 
which were insoluble in acetone, cold petrol 
ether, and cold 95% alcohol but soluble in 
pyridine warmed to 30°-45°C and in alcohol 
warmed to 80° C; and residual material 
which was insoluble in acetone, cold petrol 
ether, and 'warm pyridine. Each of these 
fractions was made up to an appro.ximateiy 
5% suspension in 0.9% saline; an emulsion 
was then made by mixing two parts of this 
suspension in a Waring blendor with two 
parts of Bayol-Fs' containing 2.5 mg/cc heat- 
killed tubercle bacilli and one part of Falba.l 
Each emulsion was then tested by injecting 
one cc subcutaneously into each of 3 guinea 
pigs. Four of the 5 emulsions containing the 
phosphatide-fractions produced paralj'sis in 
6 of 13 guinea pigs injected, whereas none of 
the 8 emulsions containing Uie other fractions 
produced any illness in 22 guinea pigs injected. 

As a check on the lipid nature of the '’anti- 
gen,’' an emulsion of “purified brain lipids”! 
was made and injected into 5 guinea pigs. 
Nine da}'s following a second injection 3 
months later, one guinea pig developed a 
characteristic paraplegia. None of 5 guinea 
pigs similarly injected twice with an emulsion 
containing “purified phosphatidyl-serine’f 
became ill. 

To learn about the distribution of the 
‘‘antigen,’’ optic nerves, which are composed 
only of white matter, were procured post- 
mortem from 2 human beings, care being 
taken to avoid the perichiasmal tissue. One 
of 3 guinea pigs injected with an emulsion 
made from this tissue became paralyzed. 

Ill summary, it would seem that the "anti- 

G MaeLpaji, H., and MacLcan, 1. S., lAfithin 
tiH(7 AUiltI Siihstoncrs, thr Ltpuis, lAiiij’iu.'Uib, 
Green & Co., Lttl., London, 1927, p. 125. 

A liglit pnrafiiu oil, obtnini‘«I iliunifjli tiff 
I'ourtesy of Mr. K. I>. Dntter^on. Simictt, Im',, 
Xo\v Vttrk City. 

An adsorption base sold to be a inixturi’ ot 
oxyeJK»K‘.sU'rijie and cliolesterine-'^ derivctl f non 
hinuUn {I’faltK and Bauer. Ine.. New ^ orK < 

Alsu supplied by Dr. FoleU-pi and di-M-ribed 
in J. liioK (Iteifh, 3942, 
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gen” responsible for the meningoencephalo- 
myelitis is a phosphatide-like material present 
in the white matter of the central nervous 
system. Its properties serve to differentiate 
it from 4 of the 5 haptens thought to be 
present in brain." “Neurokeratin”^® has been 
eliminated by previous workers;® “protagon” 
and “sphingomyelin”^^ are included in the 

10 Bailey, G. H., and Gardner, Ji. E., Hm. J. 
Hyg., 1942, 36, 205. 

11 Selnvab, E., Z. f. l7nm7mUatsforsch. it. eip. 
Therap., 1930, 87, 420. 


non-phosphatide fractions tested in the pres- 
ent experiments and found to be inactive; and 
the hapten thought to be present in gray 
matter'*’*- is obviously not necessary since 
it has noiv been found that ivhite matter 
(optic nenm) contains the “antigen.” Whether 
the “antigen” is the same as the “alcohol- 
soluble brain hapten”**’*-’*® must await fur- 
ther studies. 

12 Reichner H., and Witcbsky, E., Ibid., 1934, 
81, 410. 

H., Siochcin. Z., 1933, 287, 77. 
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J. J. Trentin, V. Hurst, and C. W. Turner. 

Vroii! the Department of Dairy Husbandry, University of Missouri, Colitmbia, Mo. 


There are a number of reports in the 
literature which would appear to indicate 
that the mouse and the rat may respond 
differently, as regards mammary development 
and responsiveness, during e.xperimentally 
induced hj^pothyroidism. 

Mixner and Turner* have reported an in- 
creased mammary responsiveness of ovari- 
ectomized female mice to estrogen and pro- 
gesterone treatment when thyroxin was simul- 
taneously administered, while a decreased 
responsiveness followed thyroidectomy. Mix- 
ner^ later found that thiouracil administration 
had an effect similar to thyroidectomy in 
decreasing mammary responsiveness. Morris 
ct al., found considerable mammary atrophy 

* Contribution from tlic Department of D-iirr 
Ilusbandry, Missouri Agricultural Experiment 
Station, .Tournal Scries No. 1097. 

1 The dietliylstilbestrol and its dimctbyl ether 
used in this investigation were generously provided 
by Merck and Co., Rahway, N.J., and the thio- 
uraeit by Lcdcrle Lab., Pearl River, X.Y. 

1 Mixner, .1. P., and Turner, C. W., Hndocrin- 
oiogy. 1942, 31, 345. 

2 Mixner, .T, P., J. Dairy Science, 1947, 30. STS. 

2 Morris, H. P., Dubnik, C. S., and Dalton, A. J., 

J. Xnt. Cancer Inst., IPlfi, 7, l.-p. 


in virgin female mice fed thiourea® and 
thiouracil*. Gardner® observed mammary 
growth in male mice fed desiccated thyroid, 
but the effect was dependent upon intact 
testes. 

From these reports it would appear that, 
in the mouse, experimentally induced mild 
hj-perthyroidism is conducive to enhanced 
mammary responsiveness, while the opposite 
is true of hj^jothyroidism. 

In the rat, however, Leonard and Reece,® 
and Smithcors and Leonard* have found that 
thyroidectomy of both male and female rats 
caused an enhanced development of the 
mammary gland. Thyroidectomj^ also in- 
creased the effectiveness of administered 
estrogen or testosterone propionate in stim- 
ulating mammary alveolar development. 
Chamorro®’® has also reported that thyroid- 

■* Morris, H. P., Dubnik, C. S., and D.’ilton, A. .1., 
Exhibit Abstract, Eourth Internat. Cancer Res. 
Congress, Sept. 2-7, 1947, St. Louis. 

"Gardner, W. L'., Endocrinology, 1942, 31, 124. 

0 Leonard, -S. L., and Reece, R. P., Proc.’ Soc. 
Exp, Bron. .\nt> Med., 1941, 28, Co. 

• Smithcor.s. ,1. F., and Leonard, .S. L., Endo- 
crinology, 1942, 31, 454. 

8 Chamorro, A.. C. K. Soc. Bio!.. 1946, 140, 499. 


462 


Thiouracil and jMammary Growth 


ectomy of rats caused mammary hypertrophy 
and augmented the mammary stimulating 
effect of pregneninolone. Smithcors^” has 
found that thiouracil treatment of rats did 
not of itself produce mammarj'^ alveolar devel- 
opment, but enhanced the mammary alveolar 
response to administered estrogen. 

Unlike the situation in the mouse, these 
reports indicate that in the rat experimentally 
induced hypothyroidism is conducive to en- 
hanced mammary gland growth and respon- 
siveness. 

With regard to hj'perthyroidism in the rat, 
Weichert, Bo 3 'd, and Cohen'^ reported en- 
hanced mammarjr development, but the effect 
was one of induced pseudopregnancj', and 
hence dependent upon intact ovaries. 

Certain recent obsen'ations on thiouracil 
administration at this laboratory appear to 
fit into the above pattern. 

Twentj'-one young male albino rats were 
castrated and divided into three groups. 
Group 1 (6 rats) served as a control. About 
10 daj^s later Group 2 (8 rats) and Group 
3 (7 rats) were started on daily injections of 
10 fig of diethylstilbestrol in oil. Group 3 had 
0.1% thiouracil added to its feed. At the 
end of 21 days of this treatment all groups 
were sacrificed. Body weight, pituitary lacto- 
gen content and thjToid weight changes in 
these animals have been reported previously 
in connection with another experiment. *- 
The mammary glands of the control group 
showed small to medium sized duct sj^stems 
with little or no alveolar development. Group 
2 showed an enhanced state of mammary 
development, with additional alveolar devel- 
opment in most animals. Group 3 showed a 
striking advancement of mammary develop- 
ment over the control group, and a marked 
improvement over Group 2. Extensive alveolar 
development was present with good duct ex- 
tension. 

xrio/., lO-JU. 1-10, 7ei. 
lOSmitl.covs, J. F., Teoc. Soc. Exr. Ciol. .xxd 


The mouse e.xperiment involved 15 intact 
albino males. Five served as controls. Four 
were maintained for 6 weeks on a grain 
ration containing 1.23 mg of dimethyl ether 
of diethylstilbestrol per kilo of feed. This 
level of estrogen was known to promote good 
mammary duct extension in male mice. Six 
xvere maintained for 6 weeks on the same level 
of estrogen with 0.2% thiouracil added to 
the feed after the first week. 

The estrogen treated animals showed good 
duct extension as compared to the controls, 
with some alveolar development in one animal. 
Unlike the results of the rat experiment, no 
difference in the response to estrogen could 
be detected in the estrogen and thiouracil 
treated mice. 

The conditions of the rat and mouse experi- 
ments are unfortunately different in several 
respects such as dosage, duration, and mode 
of administration. However, taken together 
w’ith previous reports, the present results are 
indicative of a difference in the effect of 
thiouracil upon mammary responsiveness in 
the rat and mouse. 

fVith regard to the rat, there has been re- 
ported an effect of fixToerthyroidism and hjTO' 
thyroidism on vaginal sensitivity to estrogen. 
The effect appears to parallel that on mam- 
mary sensitivity to estrogen. Van Horn*'' found 
that in 20 of 24 castrated female rats in a 
hj'perthyroid condition, approximately 3 rat 
units of theelin were necessarx^ to produce 
estrus. Langham and Gustax'son** found the 
vaginal rat unit of estrone to be 1.33 fig for 
castrate controls and 2.5 fig for castrates 
receiving thyroxin injections. Conversely 
th\Toparath}Toidectomized castrates required 
onh'- 0.86 fig. Thiourea administered in the 
drinking xx-ater caused a marked immediate 
decrease in x'aginal sensitivitj^ to estrone fol- 
lowed bx' a gradual increase, the rats becom- 
ing as sensitive after 56 dax's as thyropara- 
thyroidectomized castrate rats. 

It is possible that the same underlx'ing 
mechahism is responsible for the effect of 


lED., 1945, 50, 191- 

UWeicLert, C. K., Bo.vd, R. M., «>•>! Cohen. 

> Q jinnt liCC.t 1934, -1« 

w and Turnev, C. W., Phoc. Soc. E-xr. 

5ion. AX» Med., 1947, 64. 4SS- 


JSV;in Horn» M”. M,, Enfloerino^nini. IlKLl. 17, 
13:?. 

1-* \V., and Gnytavson. I?. (J., /Vd. 

Pruc,, n, 3^3. 
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hypothyroidism on the observed variations 
in the vaginal and mammary sensitivity of 
rats to estrogen. 

The seemingly anomalous situation of 
thiouracil enhancing mammary growth re- 
sponse in the rat may have an analogy in 
body growth also. Astwood^'' states that, al- 
though the prolonged administration of ef- 
fective doses of thiouracil to rats causes an 
arrest of development and a retardation of 
growth, a small dose of thiouracil, given from 
the 21st day of life for a period of 9>4 
months, resulted in increased growth, includ- 
ing a gain in skeletal dimensions. The impli- 
cation is that a mild degree of hj-pothyroidism 
is conducive to excessive growth in this 
species. 

The authors are not familiar with any data 
indicating a similar relationship in the mouse. 

Roger and Turner"’’ have studied the effect 
of experimentally induced hyperthyroidism 
in 4 species, including the rat and mouse. In 
the mouse it was found that although e.xcessive 
h\-perthyroidism inhibited body growth, a 
mild degree of hyperthyroidism consistently 
accelerated the growth rate. In rats however, 
mild hyperth}TOidism had no such desirable 
effect, with the possible exception of a few 
animals that showed limited acceleration of 
growth. 

It would appear from such experiments 
that the rat is normally secreting a level of 
thyroxin close to the upper limit of tolerance, 
and may actually be benefitted in some re- 
spects by a slight reduction in the normal 

rr. Astwnod, E. B., A'. Y. Jcnrh Med., IJnrvctf Lee- 
iures, I94-t-4o, -10, 195. 

O' Koj;cr, M.. and Turner, C. \V., .tfo. Affr. Exp. 
Sill. Did. S77, 1943. 


thyroxin secretion rate. If such is actually 
the case, this relationship would have wide 
implications in connection 4vith the choice of 
experimental animals for certain types of 
investigation. It is known for instance that 
the normal rat is a poor animal for use in 
the assaj’ of thyrotrophic hormone. Its th}’- 
roid gland is normally quite hyperplastic and 
relatively insensitive to further thyrotrophic 
stimulation. 

That this relationship may not be true of 
ail strains of rats is indicated by the work of 
Palmer et al.^~ These authors were able, by 
selection of the progeny of a single pair of 
rats, to produce two strains which differed 
appreciably in their efficiency of food util- 
ization. This difference was accompanied by 
a difference in the basal metabolic rate and 
in the effect of administered thyroid on 
skeletal length and on efficiency of food util- 
ization. This was interpreted by the authors 
as indicating a possible difference in the thj'- 
roid secretion rate of the two strains. 

The inheritance of varying rates of thyro.xin 
secretion may be responsible in part for the 
marked differences in the growth rate and 
body size of the Yale and Wistar strains of 
albino rats.’® 

Conclusion. It would appear that there 
exist differences in the reaction of the mouse 
and rat to experimentally induced hj-po- 
thyroidism and h 3 'perth 3 Toidism, possibly 
dependent upon the relative thyroxin secretion 
rates of the two species. 

rr Pahner, L. S., Kennedy, C., Calverley, C. E., 
Lolin, C., and Wtsuig, P. n., Minn. Apr. Exp. Sla. 
Tech. Bui. 170, 1940. 

J^Harned, B. K., and Cole, V. T., Endocrin- 
olopij, 1939, 2.J, 0S9. 
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Effects of Electroshock Convulsions on Chronic Decorticated Cats. 


Abraham Wiicler and Karl Frank. 

From the DepaHncnt of Scsearch, V, S. FithVie Health Service Hospital, Lexington, Kg. 


Masserman^ has presented evidence that 
electroshock convulsions produce marked 
changes in the adaptive behavior of intact 
cats with experimental neuroses, comparable 
to the effects of electroshock therapy in man. 
In view of the evidence" that metrazol con- 
vulsions have excitant effects on autonomic 
centers of the hypothalamus, it w'as considered 
of value to investigate the possibility that 
electrically induced convulsions alter not only 
learned adaptive responses at the cortical 
level, but also non-Iearned, subcortically inte- 
grated responses which are closer to instinc- 
tive adaptive patterns, A study was therefore 
made of the effects of single and repeated 
electrically induced convulsions on the re- 
actions of chronic decorticated cats to various 
stimuli, observations being limited to directly 
observable phenomena in the non-narcotized, 
non-curarized preparation. 

In addition, this study afforded an op- 
portunity to study the electroencephalographic 
patterns of electroshock convulsions in ani- 
mals without neocortex. This was accom- 
plished in terminal ex-periments on the de- 
corticated cats after curarization. 


Methods. Six cats were prepared by suc- 
cessive ablation of each cerebral hemisphere 
under nembutal anesthesia. Two operations 
were made, a week or more apart, under 
aseptic conditions without previous ligation 
of the carotid arteries. After recovery from 
anesthesia, all preparations exhibited the 
usual behavior and reactions of chronic 
decorticated cats and remained in good con- 
dition until terminal experiments were per- 
formed 29 to 147 days after completion of 
decortication. Obserx'ations were made ^on 
spontaneous behavior, posture, righting re- 
flexes, licking reflexes, rectal temperature. 


iMasscmnn, J. H., and Jacqiues, M. G., Jm. J. 
Fsychiat., 1947, 104, 92. 

2 Geitfiorn, E., Am. J. Fspehiot., 1941, 9 
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pulse and respiratory rates, and sham rage 
responses to handling and to nociceptive stim- 
ulation. To evoke nociceptive responses, a 
device was employed which permitted the 
quick application of known pressures from 
1.0 to 10.0 kg to a segment of the tail for 
one second. With this apparatus the pressure 
in kg per cm- necessary to elicit a given 
response is a function of the area over which 
the pressure is applied. Hence, in this paper, 
all references to “pressure” are e.vpressed in 
kilograms, understood to be applied to the 
specific jaw area of the instrument (1 cm"). 
Sham rage was also elicited in response to 
presumably non-nociceptive stimuli by hold- 
ing the preparation by the loose skin around 
the back of the neck and alternately raising 
and lowering it rhythmically so that the hind 
footpads lightly touched the surface of the 
table on the downward movement. Control 
observations were made at intervals of 1 to 
3 hours over a period of 8 hours on each of 
two successive da 3 's and before each experi- 
ment with electroshock convulsions. 

Convulsions were produced by passing 200 
to 450 milliamperes of 60 cjxle A.C. for 0.2 
to 0.3 sec. from vertex to palate. The electrode 
at the vertex consisted of a battery clip 
covered with saline paste attached to the 
scalp between the ears. The palate electrode 
consisted of a metal rod, one end of which 
was covered with gauze padding soaked in salt 
solution, and applied to the hard palate just 
behind the upper canine teeth. commercial 
electroshock apparatus (Offner Type 735) was 
emplo\'ed throughout. This device permits 
the deliverv' of a predetermined amperage 
regardless of variations in circuit resistance 
or size of the head. As will be shown below, 
the currents used appeared to exert no dele- 
terious effects either physiologicallj' or ana- 
tomicalh'. From observations on conscious 
patients it is known that electroshock treat- 
ments are not painful. 
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Studies on the effects of electroshock con- 
vulsions were begun 7 to 37 days after com- 
pletion of decortication in 5 of the prepara- 
tions. The sixth was utilized only in the 
terminal experiment, 29 days after total 
decortication. After 48-hour observations on 
the effects of single electrically induced con- 
vulsions, 5 to 9 daily convulsions were in- 
duced, following which the preparations were 
observed during a 4- to 39-day period. One 
preparation was subjected to a second series 
of electroshock convulsions and observed 
for 7 days thereafter. 

In terminal ex-periments carried out on 4 
of the preparations, records were made of 
the electrical activity of the remaining brain 
immediately following passage of the current 
known previously to have induced convulsions 
regularly. This was accomplished by inserting, 
under ether, a tracheal cannula and screw 
electrodes into the calvarium and the body 
of the sphenoid bond (Fig. 1). The prepara- 
tion was then immobilized by repeated intra- 
venous injections of curare (“Intocostrin,” 
0.3 to 0.3 cc at ^2 to ^ hour intervals) and 
maintained on artificial respiration ivithout 
anesthesia. Leads from the screw electrodes 
and one ear were connected to a capacity- 



rci’ordinp clcctric.al activity of rcmaTniiig brain in 
terminal experiment?. Botli fcrcws arc in Hie 
niidlinc sagittal plane; tlie upper just penetrates 
tlie calvarium at the vertex and tlic lower extends 
to about 1 mm below tlie floor of tlie sella turcie.a 
in tlie body of tlie sphenoid bone. 


resistance coupled amplifier-oscillograph sys- 
tem w'ith optical recording on moving bromide 
paper. In all ex^periments the leads to the 
amplifiers ivere disconnected before and dur- 
ing the passage of the convulsing current and 
replaced as soon as possible (3 to 5 seconds) 
afterward, with simultaneous removal of the 
electroshock leads, to reduce amplifier block- 
ing. 

After completion of these experiments the 
cats ivere sacrificed and the brain tissue was 
fixed in sitn with formalin and removed for 
gross and microscopic study.* 

Results. A. Motor Pattern oj Electrically 
Induced Convulsions. 

Immediately after electroshock the prepara- 
tion assumed a posture of general semiflexion 
and for 15 to 20 seconds exhibited rapid 
rhythmic oscillatory movements of small 
amplitude involving the extremities, jaw and 
facial musculature. Frequently, several such 
paroxysms occurred, separated by quiescent 
periods lasting a few seconds. Finally, tran- 
sient running movements of the hindlimbs 
appeared, after which all activity ceased for 
about 30 seconds. The preparation then 
righted itself or maintained the upright 
posture when so placed. During the seizure, 
apnea occurred, followed by transient hyper- 
pnea. Occasionally, the preparation e.xhibited 
a burst of sham rage lasting 15 to 30 seconds, 
immediately after the seizure. One prepara- 
tion circled for several minutes after each 
convulsion. With smaller currents greater 
variations were seen, such as sham rage with- 
out a preceding seizure or falling to one side 
in semine.xion without further motor activitjx 
The motor pattern of the convulsions elicited 
by a given electroshock was remarkably con- 
stant for each preparation. 

B, Ejects of Single and Repeated Electric- 
ally Induced Convulsions. 

Changes in temperature and pulse rate after 
single or repeated convulsions did not e.xceed 
spontaneous variations noted in control stud- 
ies. Xo enduring impairment of righting re- 

* The ncuropathological examinations were made 
by Dr. I. Ifark Scheinker, Assistant Professor of 
Neuropathology, University of Cincinnati College 
of Medicine. 
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flexes occurred after single or repeated seiz- 
ures, In 4 of the preparations, vigorous licking 
movements of the tongue could be induced 
by tactile stimulation of the perineal region. 
The licking appeared to be directed to any 
object nearest the tongue, e,g., the forepaws, 
the experimenter’s hand, etc. This response 
was abolished for from to 334 hours after 
each convulsion in 3 of the cats. In the fourth 
preparation, no change occurred. No addi- 
tional or cumulative effects were noted after 
daily convulsions. 


In control observations, the threshold for 
sham rage induced by rhythmically raising 
the cat from a table varied from one such 
maneuver in one cat to no reaction after SO 
trials in another. The day-to-day variations 
were also considerable, except in the cat with 
the lowest threshold, which always exhibited 
sham rage after one maneuver. The rage pat- 
tern thus evoked consisted of springing or 
lunging, boxing and scratching movements of 
the forelimbs, extrusion of the claws, lashing 
of the tail, retraction of the angle of the 
mouth, dilation of the pupil, retraction of the 
nictitating membrane and piloerection. Vocal- 
ization, spitting or hissing did not occur. 
After each clectricalh' induced coni’ulsion, 
such rage reactions were either unaffected or 
increased as indicated by a reduction in the 
number of maneuvers needed to elicit the 
response compared with the control value 
for that day. After completion of a series of 
daily electroshock convulsions, there seemed 
to be some intensification of the rage response 
to handling, but this could not be confirmed 
by the threshold values which were not altered 
beyond the range of variation in the control 
studies. 


In control observations the threshold for 
sham rage induced by graded pressure on the 
tail varied from 3.0 to 7.0 kg from cat to cat; 
in each preparation daily variations of about 
1.0 kg were observed. The pattern of reaction 
to such stimuli was remarkably constant in 
each cat but varied in detail from one to the 
other. In general, the response consisted of 

vocalization, spitting and 

lashing of the tail, mydriasis and retraction 

of the nictitating membrane. After each elec- 


trically induced convulsion, no reaction at all 
could be evoked even with ma-ximum pressures 
of 1 0.0 kg, the limit of the instrument, for 
periods of from one to 2^4 hours, and the 
thresholds in most instances did not return 
to the control level before 4 hours — f.c., peak 
analgesic effects of over 50% to over 300% 
were observed. This was in marked contrast 
to the concomitant lowering of tlie rage 
threshold to handling described above. No 
significant changes occurred after completion 
of a series of daily electroshock convulsions. 

C. Ehctrocncephalographic Patterns oj 
Electroshock Convulsions. 

The electrical patterns of the seizures re- 
corded in the terminal experiments varied 
in detail from one preparation to another, but 
the record illustrated in Fig. 2 A-C is fairly 
representative. After a single electroshock, 
several bursts of relatively high (75 to 100 
microvolts) activity appeared, with fre- 
quencies varying from 2 to 21 per second. 
These paroxysms were separated by abruptly 
appearing silent intervals. In 3 of the e.vperi- 
ments, a steady 15 to 18 per second rhythm 
appeared before cessation of the convulsive 
electrical discharge, which was followed by 
periodic isolated high voltage slow waves 
which were more prominent in tracings with 
a vertex lead. Such records could be obtained 
in each preparation several times by repealed 
electroshocks. 

In places, a series of alternating fast and 
slow wave sequences was seen. Since in our 
laborator}' typical “spike and dome” com- 
plexes have been observed in dogs following 
convulsant doses of morphine, we investigated 
the effects of this drug on the electrical pat- 
terns described above (Fig. 2 D-G). It will 
be noted that the slow and fast wave sequences 
after electroshock are more prominent in the 
morphinized preparation. 

D, X euro pathologic Findings, On removal 
of the remaining brains after terminal e.xperi- 
ments, the dead space left by removal of the 
cerebral hemispheres was found to be oc- 
cupied by fibrous connective tissue which 
bound the dura to the underlying brain struc- 
tures. Coronal sections revealed no evidence 
of neocortex; vari’ing portions of tlie caudate 
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Fig. 2. 

Cat No. 103 (elironic decorticate). Effects of electro-shock on electrical activU.v of remain- 
ing brain. Sorerv leads as iu Fig. 1; clip lead on left car. Preparation eurarized and on 
artificial respiration. Time in seconds. Calibrations 23.8 microvolts pcak-to-peak. In all 
records upper tracings are sphenoid to verte.':, middle tracings sphenoid to ear, and loivcst 
tracings vertex to car. A, control. No significant electrical act'vity at this gain. B, 3 to .3 
.seconds after passing 450 niilliamperes fiO cycle A.C. from vertex to palate for 0.3 .sec. Note 
paroxysmal discliarges of high voltage C to 21 per sec. naves originating in vicinity of the 
sphenoid lead. In places, a fast and slow wave occur in sequence, most often at the beginning 
of a paroxysm. C, continuation of preceding record. Note terminal regular 18 per see. dis- 
charge of moderate voltage and random stow waves as record returns to control state. B, rest- 
ing record 35 minutes after intravenous injection of nioridnne 20.0 mg per kg. No significant 
change from A. E, 3 to 5 sec. after electroshock as in E. Note paro.vysmal discharges as in 
B, with greater tendency for fast and slow waves to occur in sequence. F and G, continuous 
with E. Note subsidence of electrical activity and return to control state. 


nuclei, thalanti and basal parts of the pyri- 
form lobes were preserved. Microscopic study 
revealed evidence of degeneration with glial 
and connective tissue proliferation in the basal 
ganglia, especially in the periphery. In one 
specimen changes indicative of granular 
ependymitis were seen, and in another, evi- 
dence of mild subarachnoid hemorrhage. 
These changes did not differ in degree or 
kind from changes seen in the remaining 
brains of other chronic decorticated cats not 
subjected to electroshock or other convulsant 
agents in our laboratory. 

Disnissioii. On comparison of our results 
with those of Masserman,’ it is evident that. 


although transitory changes did occur in the 
licking and sham rage reactions of the former, 
recovery was tapid and no enduring effects 
comparable to those in intact neurotic animals 
were observed. It would seem, therefore, that 
the long-enduring effects brought about by 
electroshock in !Masserman’s neurotic cats were 
due to changes involving the cerebral corte.w 
This inference is supported by the obsen^ations 
on the electroencephalographic changes in 
intact cats subjected to repeated electroshock 
convulsions, reported by Rubinstein and 
Kurland." 

•* Rultinstcin, II. .“4., and Kurl.and, A. A., Pnoc. 
f?or. Exf. Biol, .vxd Med., 1947, O.l, 34S. ’ 
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flexes occurred after single or repeated seiz- 
ures. In 4 of the preparations, vigorous licking 
movements of the tongue could be induced 
by tactile stimulation of the perineal region. 
The licking appeared to be directed to any 
object nearest the tongue, e.g., the forepaws, 
the e.\-perimenter’s hand, etc. This response 
was abolished for from >4 to hours after 
each convulsion in 3 of the cats. In the fourth 
preparation, no change occurred. No addi- 
tional or cumulative effects were noted after 
daily con^'ulsions. 


In control observations, the threshold for 
sham rage induced by rhythmically raising 
the cat from a table varied from one such 
maneuver in one cat to no reaction after 50 
trials in another. The day-to-day variations 
ivere also considerable, except in the cat with 
the lowest threshold, which always e.xhibiled 
sham rage after one maneuver. The rage pat- 
tern thus evoked consisted of springing or 
lunging, boxing and scratching movements of 
the forelimbs, extrusion of the claws, lashing 
of the tail, retraction of the angle of the 
mouth, dilation of the pupil, retraction of the 
nictitating membrane and piloerection. \'ocal- 
ization, spitting or hissing did not occur. 
-After each electrically induced convulsion, 
such rage reactions were either unaffected or 
increased as indicated by a reduction in the 
number of maneuvers needed to elicit the 
response compared with the control \'alue 
for that day. .After completion of a series of 
daily electroshock convulsions, there seemed 
to be some intensification of the rage response 
to handling, but this could not be confirmed 
by the threshold values which were not altered 
beyond the range of variation in the control 
studies. 


In control observations the threshold for 
aam rage induced by graded pressure on the 
lil varied from 3.0 to 7.0 kg from cat to cat; 
1 each preparation daily variations of about 
.0 kg were observed. The pattern of reaction 
i such stimuli was remarkably constant in 
ach cat but varied in detail from one to the 
ther. In general, the responses consumed of 
ocalization, spitting and hissing, struggling, 
i<:hing of the tail, mydriasis and retraction 
if the nictitating membrane. -After each elec- 


tricalh' induced convulsion, no reaction at all 
could be evoked even with maximum pressures 
of 10.0 kg, the limit of the instrument, for 
periods of from one to hours, and the 
thresholds in most instances did not return 
to the control level before 4 hours — i.e., peak 
analgesic effects of over 50% to over 300% 
were observed. This was in marked contrast 
to the concomitant lowering of the rage 
threshold to handling described above. No 
significant changes occurred after completion 
of a series of daily electroshock convulsions. 

C. Elect roeiiccplialographic Patterns of 
Electroshock Convulsions. 

The electrical patterns of the seizures re- 
corded in the terminal experiments varied 
in detail from one preparation to another, but 
the record illustrated in Fig. 2 A-C is fairly 
representative. After a single electroshock, 
several bursts of relatively high (75 to 100 
microvolts) activity appeared, with fre- 
quencies varying from 2 to 21 per second. 
These paro.xysms were separated by abruptly 
appearing silent intervals. In 3 of the e.vperi- 
ments, a steady IS to IS per second rhythm 
appeared before cessation of the convulsive 
electrical discharge, which was followed by 
periodic isolated high voltage slow waves 
which were more prominent in tracings uith 
a vertex lead. Such records could be obtained 
in each preparation several times by repeated 
electroshocks. 

In places, a series of alternating fast and 
slow wave sequences was seen. Since in our 
laboratory typical “spike and dome” com- 
plexes have been observed in dogs following 
convulsant doses of morphine, we investigated 
the effects of this drug on the electrical pat- 
terns described above (Fig. 2 D-G). It will 
be noted that the slow and fast ivave sequences 
after electroshock are more prominent in the 
morphinized preparation, 

D. N curopathologic Findings. On removal 
of the remaining brains after terminal e.xperi- 
ments, the dead space left by removal of the 
cerebral hemispheres was found to be oc- 
cupied by fibrous connective tissue which 
bound the dura to the underlying brain struc- 
tures. Coronal sections revealed no evidence 
of neocortex; varying portions of the caudate 
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From the Department of Hyffie/ie and Dacteriotogy, Mehreio Dniversity. 


The criterion commonly used for the deter- 
mination of the state of life or death of an 
organism is the heartbeat. Chick embryos 
in which the heart has ceased to function must 
be regarded as dead, and this assumption is 
supported by the fact that such embryos are 
indeed incapable of further development. 

However, an egg containing a dead embryo 
is not necessarily devoid of living cells. It 
is known that the cells of an organism may 
survive after death for varying periods, de- 
pending on the external condition and on 
the type of tissue from which the cells were 
derived. Individual cells in fully developed 
tissues generally survive no more than a few 
hours if they remain in contact with the 
dead organism. However, in an embryo, in 
w'hich cells are probably less interdependent, 
conditions need not be, and indeed are not, 
the same. 

It has been demonstrated by Bucciante^ 
that dead chick embryos may contain living 
cells for as long as 31 days after cessation 
of the heart beat, if the egg be maintained 
at 20°C after the death of the embryo; sur- 
vival times at lower temperatures were even 
longer, up to 47 days. 

It occurred to us that eggs containing sur- 
viving rather than developing tissue might 
constitute a favorable medium for the cul- 
tivation of Rickettsia prowazeki and related 
organisms. 

According to Zinsser and Schoenbach- the 
rickettsiae develop best in cells with a low 
metabolic rate, and such a state may be 
assumed to occur in cells which survive with- 
out development for extended periods. How- 
ever, the question was whether the cells 
would survive sufficiently long at temperatures 

IBucciantc, L., Arch. exp. Zellforsch., 1931, 
11, 397. 

2 Zinsser, H., and Scliocnliadi, E. B., J, Exp. 
ilcd., 1937, ««, 207. 


high enough for the development of rick- 
ettsiae. 

Grodzinski,^ who examined the survival at 
38°C of aorta tissue from dead chick embryos, 
reported a maximum survival time of 3 hours, 
which is, of course, insufficient for the cul- 
tivation of rickettsiae. However, this author 
tested only one type of tissue and worked w’ith 
relatively well developed embryos, the young- 
est being 7 days old. 

We tried using embryos which had been 
killed by chilling, after only 3 days develop- 
ment, and found that living cells could still 
be demonstrated in such material after much 
longer periods, even if the eggs had been main- 
tained during this time at 37°C. 

The following two cases may serve as illus- 
trations: An egg containing a 3-day-old em- 
bryo was chilled at 4°C for 24 hours, and, 
after storage for 4 days at room temperature, 
was incubated for 10 days at 37°C. When the 
egg was opened after this period it contained 
a dead embryo wEich had not developed 
beyond its third day, yet living cells, mostly 
of epithelial character, grew out when frag- 
ments of the embryo or of its membrane 
were cultured in plasma clots. 

In another case living cells w’ere demon- 
strated by the same technique in an embryo 
which had been kept after death at room 
temperature for 7 days, and then for 16 days 
at 37'’C. Results were practically the same in 
cases in which the embrj'os died spontaneously 
during the first 3 days of incubation as in 
those in which they -were killed by exposure 
to cold. 

R. prowazeki was inoculated into the yolk 
sac of eggs containing dead embryos and these 
were incubated for varying periods of time 
at 37‘=C. .As expected, the rickettsiae multi- 
plied abundantly under these conditions. It 

3 Grodzinski, Z., Arch. exp. Zellforsch., IDS'* 
12, 587. 
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The differences between the immediate ef- 
fects of electroshock convulsions on sham 
rage reactions to nociceptive tail pressure and 
to handling are also of interest in connection 
with the report by Pisetsky* of the dis- 
appearance of painful phantom limbs after 
electric shock therapy in a patient, who, 
though no longer complaining of pain, still 
displayed considerable effect. The observa- 
tions on decorticated cats suggest that such 
analgesic effects may be partly subcortical in 
origin. However, since no cumulative or long- 
enduring effects were observed in decorticated 
cats it is inferred that the permanent disap- 
pearance of phantom limb pain in Pisetsky's 
subject was probably due to effects involving 
the corte.v. 

The striking features of the electrical ac- 
tivity recorded from sphenoid leads in chronic 
decorticated cats after electroshock are the 
recurrent paroxysmal hypersyndironous dis- 
charges, suggestive of “status epilepticus.” 
The mixture of fast and slow frequencies dur- 
ing such paro.xysms resembles the pattern seen 
in the clonic phases of convulsions in man, 
while the terminal steady IS to 18 per second 
discharge is more like that occurring in tonic 
seizures. Also noteworthy, especially in the 
morphinized preparations, are the rhythmic 
fast and slow wave sequences which resemble 
to some extent “petit mal” spike and dome 
complexes. However, the “spike” frequencies 
in the decorticated preparations were not 
faster than 24 per second, perhaps differing 
in this respect from cortical seizure discharges 
in man. Further studies are in progress to 
determine more precisely the relationship of 
the subcortical convulsive electrical discharges 
to those recorded from the cortex and to the 
motor seizure patterns. 

4 Pisetsky, J. E., Avi ^ <1. 1946, 10^, 

599 . 


Summary. ( 1 ) The effects of single and re- 
peated convulsions induced by electroshock 
were observed in 6 chronic decorticated cats. 

(2) The seizures were characterized by a 
posture of general semiflexion with small 
amplitude rapid rhythmic movements of the 
limbs, jaws and facia] musculature, inter- 
rupted by one or more short quiescent periods, 
terminating in running movements after which 
a more prolonged quiescent phase preceded 
recovery. Apnea occurred during the seizures 
and was followed by transitory hyperpnea. 

(3) Body temperature and pulse rate were 
not affected significantly. Righting refle-xes 
returned a few minutes after each seizure. 
Licking refle.ves were abolished for from 

to 3^ hours after each conv'ulsion in 3 
preparations. Sham rage in response to a 
non-nociceptive stimulus was unaffected or 
enhanced temporarily after each electroshock 
convulsion. Sham rage responses (chiefly 
facio-vocal) to nociceptive pressure stimuli 
applied to the tail were markedly reduced 
or abolished for from 1 to hours after 
each electrically induced seizure. (4) No 
changes other than those noted after single 
electroshocks were noted after repeated elec- 
trically induced convulsions. (S) The electro- 
encephalographic patterns of electroshock 
convulsions in the decorticated preparations 
were characterized by bursts of relatively high 
voltage 2 to 21 per second rhythms separated 
by short silent intervals, frequentN termi- 
nating in a steady IS to 18 per second dis- 
charge before cessation of electrical activity. 
Slow and fast wave sequences appeared at 
times during the paroxysmal discharges and 
were more prominent in previously morphin- 
ized preparations. (6) Gross and microscopic 
studies of the remaining brains after comple- 
tion of the e.xperiments revealed no changes 
which could be ascribed to the electric cur- 
rents used to evoke convulsions. 
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Cultivation of Rickettsia prowaseki in Dead Chick Embryos. 

Esther Rabinowhtz, M. Aschner, and N. Grossowicz. (Introduced by L. Olitzki.) 
From, the Department of Hygiene and Bacteriology, Hebrew University. 


The criterion commonly used for the deter- 
mination of the state of life or death of an 
organism is the heartbeat. Chick embryos 
in which the heart has ceased to function must 
be regarded as dead, and this assumption is 
supported by the fact that such embryos are 
indeed incapable of further development. 

However, an egg containing a dead embryo 
is not necessarily devoid of living cells. It 
is known that the cells of an organism may 
survive after death for varying periods, de- 
pending on the external condition and on 
the type of tissue from which the cells were 
derived. Individual cells in fully developed 
tissues generally survive no more than a few 
hours if they remain in contact with the 
dead organism. However, in an embr}^, in 
which cells are probably less interdependent, 
conditions need not be, and indeed are not, 
the same. 

It has been demonstrated by Bucciante^ 
that dead chick embryos may contain living 
cells for as long as 31 days after cessation 
of the heart heat, if the egg be maintained 
at ZO^C after the death of the embryo; sur- 
vival times at lower temperatures were even 
longer, up to 47 days. 

It occurred to us that eggs containing sur- 
viving rather than developing tissue might 
constitute a favorable medium for the cul- 
tivation of Rickettsia prowazeki and related 
organisms. 

.According to Zinsser and Schoenbach^ the 
rickeltsiae develop best in cells with a low 
metabolic rate, and such a state may be 
assumed to occur in cells which survive with- 
out development for extended periods. How- 
ever, the question was whether the celb 
would survive sufficiently long at temperatures 

1 Bucebnte, L., Arch. exp. ZeUforseh., lUSl, 
11, 397. 

- Zinsser, II., .nnd Sclioenb.icli, E. B., J. Exp. 
itctl., 1937, GO, 207. 


high enough for the development of rick- 
ettsiae. 

Grodzinski,^ ivho examined the survival at 
of aorta tissue from dead chick embryos, 
reported a maximum survival time of 3 hours, 
which is, of course, insufficient for the cul- 
tivation of rickettsiae. However, this author 
tested only one type of tissue and wmrked with 
relatively well developed embryos, the young- 
est being 7 days old. 

We tried using embryos which had been 
killed by chilling, after only 3 days develop- 
ment, and found that living cells could still 
be demonstrated in such material after much 
longer periods, even if the eggs had been main- 
tained during this time at 37 °C. 

The following two cases may serve as illus- 
trations: An egg containing a 3-day-old em- 
bryo was chilled at 4°C for 24 hours, and, 
after storage for 4 days at room temperature, 
was incubated for 10 days at 37°C. When the 
egg was opened after this period it contained 
a dead embryo which had not developed 
beyond its third day, yet living cells, mostly 
of epithelial character, grew out when frag- 
ments of the embryo or of its membrane 
were cultured in plasma clots. 

In another case living cells were demon- 
strated by the same technique in an embryo 
which had been kept after death at room 
temperature for 7 days, and then for 16 days 
at 37°C. Results \vere practically the same in 
cases in which the embryos died spontaneously 
during the first 3 days of incubation as in 
those in which the}'' were killed by exposure 
to cold. 

R. prowazeki was inoculated into the yolk 
sac of eggs containing dead embryos and these 
were incubated for varying periods of time 
at 37°C. .As e.\pected, the rickettsiae multi- 
plied abundantly under these conditions. It 

3 Grodzinski, Z., Arch. exp. Zcltforsch., 193 *’ 
12, 5S7. 
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is difficult quantitatively to compare the 
growth of rickettsiae in dead embryos with 
that in living ones, as several factors obvious- 
ly influence the final result. The maximum 
number of rickettsiae obtainable per egg is 
perhaps greater in eggs containing living 
embryos, since their yolk sacs are more ex- 
tensive than those of eggs which hai’e devel- 
oped for only 3 days. However, the concen- 
tration of rickettsiae per cell in the infected 
cells of dead embryos may surpass that 
reached in living ones. 

The growth period for rickettsiae in dead 
embryos may easily be extended to 16 days, 
or double the time customary in work with 
living embryos. Therefore even minute in- 
ocula have a chance to multiply significantly. 
This was determined in the following manner: 
3-day-old dead embrjms and 7-day-o!d living 
embryos were inoculated in parallel series 
with decreasing amounts of the same sus- 
pension of rickettsiae. Inocula loo small to 
yield a positive smear after the usual 7-da\'s’ 
incubation in the living embrj-os yielded 
smears containing numerous rickettsiae after 
14 days’ incubation in the dead embryos. 


Several advantages are inherent in our 
method. Eggs have to be incubated prior to 
use for onh" 3 days, and may then be stored 
for sometime at room temperature like ordin- 
ary culture media. This fact is especially 
convenient in field work, in which eggs may 
be inoculated on the spot and thereafter trans- 
ported to the laboratory without particular 
regard to correct incubation temperature, 
humidity, or protection from vibration during 
transport, as is necessary when dealing with 
living eggs. Furthermore, this method is eco- 
nomical, since the percentage of eggs which 
have to be discarded on account of premature 
death of the embryo is, of course, considerably 
reduced. 

Summary. 1. Chick embri'os which were 
killed by chilling on the 3rd day of develop- 
ment and were thereafter maintained at 37°C 
for 16 days still contained living cells. 

2. Rickettsia promazeki multiplied abun- 
dantly in dead chick embrims which contained 
sur\'iving cells. 

3. The significance of these findings and 
.some advantages inherent in this method are 
discussed. 
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Sectioning Techniques for Electron Microscopy Using a Conventional 

Microtome. 


Daniel C. Pease and Richard F. Baker. 

From itxc Depariments of Anatomy and Experimental Medieine, School of Medicine, The 
University of Southern California, Los Anyeles, Calif. 


Sectioning biological material for use with 
le electron microscope poses special prob- 
;ms. Useful thicknesses can be measured only 
1 fractions of a micron so that cutting be- 
omes a major difficulty. Sections have to be 
xamined in vaaio, so that the mode of drying 
i a matter for serious consideration. 

The authors know of only 3 prior attempts 
a adapt more or less convention/ -histological 
echniques to the preparation of speciniens 

or the electron microscope. Richards, Ander- 

on and Hance^ took embedded material and 


faced the block in a standard microtome. 
They then changed the angle of the block 
and cut wedges which they hoped would taper 
into the fractional micron range. To a certain 
extent they were successful, but apparently 
were unable to find a completely satisfactory 
solution to embedding and mounting prob- 
lems, Von .Ardenne- empJo}'ed essentially the 
same principle. Sjostrand'* has also attempted 

1 Bicliards, G. A., Anderstm, T. F., .and H.ance, 
R. T., Prog. Soo. Exp. Biol, and Med., 1942, 
31, 148. 
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to cut thin sections in an unspecified manner. 
Interest then shifted to the development of 
high speed microtomes by O’Brien and 
jMcKinley* and Fullam and Gessler.’’ Their 
cutting edges, moving with tremendous linear 
speeds, have cut sufficiently thin sections for 
effective use. But the design and construction 
of the high speed microtome is a complex 
engineering problem, and it is certain that 
it \riU always be a very costly instrument, not 
usually available. 

The possibility that standard histological 
techniques could be adapted was first sug- 
gested to the authors by Dr. F. Kiss of 
Hungary. In conversations he stated that he 
had often cut fractional micron sections for 
use with the light microscope. He implied 
that the size of the block was a critical factor, 
and that the material should be doubly em- 
bedded in collodion and paraffin. It now 
appears that his claim was full}’’ justified, for 
we have consistently been able to cut sections 
0.2 microns in thickness. 

A Spencer rotary microtome model No. 
820 is used, but altered simply so that the 
unit of advance is approximately 1/10 of 
the calibrated value. To accomplish this the 
angle of lever action is reduced 90% with the 
attachment shown in Fig. 1 (which is readily 
removable for standard use). 

Our technique has been developed using 
rat liver perfused with 2% osmic acid in 
the manner of Claude and Fullam*’’ who have 
published microsjraphs of guinea pig liver 
sectioned with the high speed microtome. 
Small blocks of tissue (approximately one 
mm cubes) are run up through the alcohol 
series, into ether-alcohol, then into 3. 6. and 
finally 10% collodion (hlallinckrodt Parlodi- 
on) dissolved in ether-alcohol. The collodion 
is hardened in chloroform, and the blocks 

-von .trili’nnp, M., X. Mil-rosloptc, 1030, 

50, S. 

3 Sjostrand, Fritiof, Xaiurc, 1943, lol, 725. 

■1 O ’Bricn, II. C., and McKinlpy, G. M., Science, 
1943, 98, 455. 

5 Fullam, E. F., and Gcssler, A. E., Scv. Sei. 
Xnuf., 1940, 17, 23. 

0 Claude, Albert, and Fullam, E, F., J. Exp. 
Mcti., 1940, S:i. 499. 


transferred to xylol by way of carbol-xylol. 
They are then infiltrated with 65 '’C paraffin. 
The blocks are' finally mounted rigidly in 
the microtome after being pared down to 
present a face about one mm square. 

To cut 0.2 micron sections it is hardly 
necessary to say that the knife must be very 
sharp, but proper stropping is quite adequate. 
The optimum adjustment of the knife tilt is 
extremely critical, and even though alignment 
marks are lined up on the holder, minor ad- 
justments are still necessary every time the 
knife is moved or replaced. 

The sections are cut at moderate speeds, 
perhaps slightly faster than would ordinarily 
be used. They tend to rumple somewhat as 
they are cut. But single sections or short 
series can be picked up with a fine brush and 
transferred to a standard specimen screen 
for the electron microscope. Then, working 
with a dissecting microscope, one or two 
corners are tacked down to the screen by 
pressure with a needle. Gentle teasing with 
either the brush hairs or with needles will 
take out the major wrinkles. Finally the sec- 
tion is flattened and given many points of 
contact with the screen by gently stroking it 
with the brush, or by rubbing -ivith the blunt 
polished end of a glass rod. flattened section 
on a screen can be seen in Fig. 2. 

The final preparation for the electron micro- 
scope involves the removal of part or all of 
the embedding material, with the hazards 
attendant upon the final evaporation of the 
solvents. Three methods have been devised, 
each of which has certain advantages, so that 
it is worthwhile to consider all. 

Method 1. The simplest preparation is to 
extract the paraffin but leave the collodion in 
place. This is done by dropping xvlol re- 
peatedly on the specimen screen and thus 
flushing it. It is finally air dried. The collodion 
which remains is not a serious handicap to 
obsej-vation, at least at a magnification of 
X 5,000. as it is in the form of a very fine 
mesh with low density. Since the specimen 
was impregnated with collodion first, pre- 
sumably all parts of the section remain sup- 
ported in place by the collodion during the 
drying, and in spite of the paraffin extraction. 
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Fig. 1. 

Vertical view of Spencer microtome modified bv tlio outlined attacliment to cut 0.1 micron. 


Fig. 2. 

Enlarged view of a 0.2-mieron section mounted on a standard 200-inesh specimen screen. 

Tho remaiirng figures show electron microgr.aplis of rat liver sections cut at 0.2 microns. Cel! 
walls, nuclei, nucleoli, mitocliondria, bile capillaries, and blood sinusoids are visible. Sections 
of red blood cells appe.ar in some sinusoids, altliougb most were removed by the perfusion 
tcelinic employed in the initial fi.vation with osmic acid. 

Such specimens are very strong and resistant (S°C) and sublimed from the solid state 
to electron bombardment. thus minimizing the danger. Adherence of 

Method 2. If the embedding media are to section to screen is none too good during 

be entirely extracted surface tension may have this treatment. Best results are obtained by 

serious distorting effects during the final dry- observing the following points. The screen, 

■ <T of the solvents. However, if benzene is with the section tacked on, is inverted on 

^”°d as the final solvent it can be frozen a clean glass slide, and held down with a 
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needle. Amyl acetate is dropped on top and 
the screen flushed, thus removing the col- 
lodion. The section is very likely to become 
detached at this time, and surely will later 
if the screen is not now squeezed against the 
section once more. After rubbing the back 
of the screen with a blunt instrument tlie 
section sticks to the screen rather tlian to 
the glass, and the screen can be picked up 
and transferred to benzene which will remove 
the paraffin. Finally a drop of benzene sur- 
rounding the screen is frozen, and the benzene 
sublimed tit vacuo. After such a total ex- 
traction the section is fragile and does not 
stand up well under the electron beam. This 
method is desirable particularly when the 
fine structure of a supporting medium might 
introduce uncertainty in the interpretation of 
the micrographs. 

Method 3. In certain situations it pre- 
sumably would be desirable to prepare serial 
sections. It is possible to do this, at least 
with short series, by varying the process 
as follows. Instead of tacking the sections to 
screens, they are flattened against a clean 
glass slide by teasing and brushing. Amyl 
acetate is flowed over tliem, followed W 
benzene, and finally amyl acetate once more. 
Then the slide is dipped in a 1% solution of 
collodion in am}’! acetate and drained. The 
sections adhere to the glass throughout this 
process and are embedded in a thin film of 
collodion which is then dried. The slide is 
now dipped in distilled water thus float- 
ing the film off on the surface. Screens are 
then placed over the portions of the film con- 
taining sections, and are finally picked up 
and handled by usual techniques. Drying 
occurs only after the film is in place for sup- 
port. A number of sections can be prepared 
simultaneously in this way. The paraffin is 
removed entirely, and the original network 
of collodion is replaced by a thin amorphous 


film that is none the less quite tough. 

The question of artefacts introduced by 
the method remains to be considered. The 
knife edge, as it cuts, has little tendency to 
compress the section. Some distortion may 
result from drying, but in most parts of a 
section is scarcely noticeable. The sections 
are not entirely uniform in thickness, but 
the variations are estimated to be usually 
less tlian .05 micron. Due to the non-uniform- 
ity one can find local areas that are probably 
less than 0.1 micron thick. Lines resulting 
from the chatter of the knife edge are some- 
times present, and easily recognized. 

The principal artefacts are certainly those 
of the original fixation as Claude and Fullam® 
recognized in their work. In spite of very 
different treatments subsequent to fixation 
our micrographs are almost identical with 
theirs. Fi.xation artefacts become serious at 
magnifications above X SOOO when it can 
be seen that much of the fine structure con- 
sists of precipitated fibers. The full po- 
tentialities of section cutting for the electron 
microscope, therefore, will be realized only 
after the development of superior methods of 
initial treatment. 

Summary. Conventional histological tech- 
niques have been modified so that is is pos- 
sible consistently' to cut 0.2 micron sections 
for use with the electron microscope. The ma- 
terial must be doubly embedded in strong 
collodion and hard paraffin. The face of the 
block to be cut must be small, and the tilt 
of the knife must be precisely adjusted. 

Procedures have been developed for partly 
or wholly removing the embedding media, 
and mounting the sections for the electron 
microscope. 

hlicrographs of rat liver sections show that 
the principal artefacts are due to fixation 
rather than subsequent treatments. 
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Hemolysis with Human Complement, Human Cells, and Tannic Acid:' 
Application to Complement Fixation Test.* 

Lewis Thomas and John L. Peck.^ 

From Ihc Vepnrimeni of Pediatrics of the Johns Bophins Univcrsitij .School of Bcdicinc aticl 
the Harriet Lane Borne for Invalid Children, Johns Boplins Bospital, Baltimore, Md. 


It has long been known that tannic acid 
has an effect on erythrocytes which is anal- 
ogous to the action of amboceptor; small 
concentrations of this substance produce 
agglutination of the cells but no hemolysis, 
while the addition of complement results in 
hemolysis.’'- An investigation of this phe- 
nomenon was undertaken in this laboratorj', 
as part of a study on the mechanism of action 
of complement. .At first, considerable difficulty 
was encountered in demonstrating a con- 
sistent hemolytic effect with tannic acid and 
complement. It was found that the reaction 
was extremely sensitive to slight variations in 
the concentration of the sodium chloride solu- 
tion employed as diluent for the reagents 
involved. t^Ten, however, the concentration 
of salt solution was fixed at 0.1%, rather 
than the usual 0.85%, it became possible 
to determine the optimal concentrations of 
tannic acid, complement and red cells for 
the reaction, with reproducible results. It 
was then learned that Ij^sis of human erythro- 
cytes could be brought about by fresh serum 
from the same or other individuals, in the 
presence of tannic acid. Aloreover, accurate 
titrations of human complement could be 
made which yielded results comparable to 
those in the standard amboceptor-sheep cell 
system. 

The present report deals with an applica- 
tion of the above findings to the complement 
fixation test, using human cells, human serum, 
and tannic acid as the indicator system. By 

* Tills work was supiiortod In- a grant from the 
Life Insurance Medical Research Fund. 

t Senior Pediatric Fellow of the National Re- 
search Council. 

1 Reiner, von L., and Fischer, 0., Z. f. Immiini- 
talsfor.feh.. 192P, «1, 317. 

- Landsteincr, K., The Spccificit;/ of .Scrolorricnl 
Peactions, Harvard Universitv Press, IPtC. 


this .method, estimations of specific antibody 
for lymphocytic choriomeningitis virus, strep- 
tococcus AIG polysaccharide, and Wasser- 
mann antigen were performed, with results 
similar to those obtained by the standard 
complement fixation test. 

Materials and Methods. Dilncnt. Sodium 
chloride dissolved in distilled water to make 
a 0.7% solution was employed as diluent for 
all reagents used in the test, in place of the 
usual physiological saline. The importance 
of using this diluent will be demonstrated 
below. 

Cells. Blood obtained from a normal human 
subject was added to oxalate crystals. The 
cells so obtained w’ere washed 3 times in 
physiological saline solution, and then sus- 
pended in sufficient 0.7% saline to make a 
cell concentration of 1%. 

Complement. Whole human blood was al- 
lowed to clot at room temperature and then 
centrifuged at 2,000 r.p.m. for 10 minutes. 
The serum so obtained -was kept in an ice 
bath. Fresh lots of cells and complement were 
prepared each day. 

Tannic Acid. A single lot of tannic acidt 
was used in all the tests to be described. A 
1% solution of tannic acid in 0.7% saline 
was made each day as a stock solution, and 
2-fold dilutions from this were tested for the 
optimal tannic acid concentration by the 
method described below. In practice, it was 
found that a dilution of 1:16, or a 0.06% 
solution, was invariably suitable for produc- 
ing hemolysis with complement. 

Antigen-Antibody Systems. Three systems 
were employed in the tests to be reported. 
These were: (1) Lymphocytic choriomenin- 
gitis virus antigen and antibody. The antigen 

t C. P. Cryst.Hline T.mnic Acid, lot No. 1 1915 
J. T. Baker Co., Phillipsliiirg, N.J. ' ’ 
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consisted of guinea pig spleen soluble antigen, 
prepared by the method of Smadel, Baird and 
WallA The antiserum was hj-perimmune guin- 
ea pig serum, prepared after the method of 
these authors. (2) Streptococcus MG polysac- 
charide antigen and antibody.i The antigen 
consisted of a solution of purified polj’sacchar- 
ide from streptococcus diluted 1/50,000 
in 0.7% saline. Rabbit antiserum against this 
material was used as antibody. (3) IFawcr- 
mann antigen and antibody}. A standard 
preparation of Eagle beef-heart Wassermann 
antigen and several specimens of human luetic 
sera were used. 

Each of the sera was heated for 30 minutes 
at 56°C before the test. Appropriate controls 
for the anticomplementary effect of both sera 
and antigens were included in each test. 

Sensitization oj Cells with Tannic Acid. 
Two parts of a 1% suspension of washed 
human red cells were mi.ved with one part of 
0.06% tannic acid, in 0.7% saline. This 
mi.\ture was prepared at least 15 minutes 
before being used, for reasons which will be 
described below. 

Titration oj Complement. Complement was 
titrated in the presence of the antigen used 
for the test. It was usually sufficient to set 
up 6 different amounts of complement, e.g. 
0.07, 0.06, 0.05, 0.04, 0.03, and 0.02 cc of 
serum each contained in 0.2 cc of 0.7% saline. 
To each amount of complement were added 
0.2 cc of the antigen, and 0.2 cc of 0.7% 
saline. These mixtures were then incubated 
at 37°C for 30 minutes, since this was the 
duration of fi.xation in all tests to be described. 
Following this period, 0.6 cc of the mixture of 
cells and tannic acid ivere added to each tube. 
The results were read after 30 minutes further 
incubation at 37°C. The endpoint, or the 
last tube in which complete lysis occurred, 


$ Streptococcus MG polysaccharide and anU- 
erum were kindly supplied by Dr. Prank L. Hors- 
all, Jr. 

11 Wasserniaim .antigen and luetic sera were 
:indly suppUed by Dr. Thomas Paring. 

3 Smadel, J. E., Baird, H. D., and Wall, M. J., 
^Roc. Soc. EXP. Bion. Aim Med., 1939, 

■4 Thomas, D., Mirick, G. S-, Curnen, E. C., 
jiegler, J. E., and Horsfall. P. L., Jr., J. Cl . 
rnv; 1945, 34, 227. 


was selected as one unit. For the complement 
fi.vation test, 1.5 units were eniplo 3 ’ed. 

The Test. The following amounts of the 
various reagents were used: Complement — 
0.2 cc (containing 1.5 units). .Antigen — 0.2 
cc. Serum — 0.2 cc. Sensitized cells — 0.6 cc, 
consisting of 0.4 cc of 1 % cells and 0.2 cc of 
0.06% tannic acid. 

.Antiserum, antigen, and complement were 
added to the tubes in the order named. The 
tubes were then placed in a 37°C water bath 
and incubated for 30 minutes. .At this time, 
0.6 cc of sensitized cells were added to each 
tube, and the tubes reincubated for 30 min- 
utes. Readings were then made of the degree 
of hemolysis. Fi.xation of complement was 
interpreted as occurring in those tubes show- 
ing no lysis, or one-plus Ij'sis on a scale of 
4+. 

Results. The effect of small variations in 
the concentration of sodium chloride on the 
hemolytic reaction with human cells, human 
complement, and tannic acid is shown in 
Table I. In the e.xperiment illustrated here, 
titrations of a sample of human complement 
were made in the presence of 0.06% tannic 
acid and 1% red cells. .In each titration a 
different concentration of sodium chloride 
was used as diluent for the reagents involved. 
It will be seen that the greatest complement 
activity was evident in the row in which 
0,7% sodium chloride ivas used as diluent, 
while the reaction was almost complete!}' 
inhibited in concentrations of 0.85 and 0.9% 
sodium chloride. 

The optimal concentration of tannic acid 
was found to be between 0.06 and 0.03%. 
When stronger solutions of tannic acid were 
used, for example a 0.1% solution, hemolysis 
did not occur. Solutions of less than 0.01% 
were inactive. 

One percent suspensions of red cells yielded 
more consistent and reproducible results than 
2% suspensions. With higher concentrations 
of red cells, incomplete hemolj'sis usually 
occurred regardless of the amounts of tannic 
acid or complement. 

It w'as of great importance to sensitize the 
red cells with tannic acid at least S minutes 
before adding them to complement. If cells 
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TABLE I. 

Effect of Saline Concentration on Lysis of Human Bed Cells by Human Complement and 0.0G7o Tannie 

Acid. 


% of NaCl 


Volume of Complement in 0.2 cc 


Controls 

.06 cc 

complement 

.06% 

tannic acid 

.06 

.05 

.01 

.03 

.02 

.01 ' 

.60 

+ + + + * 

4- 4- 4- 4- 

4- 4- 4- 4- 

4 — ! — b 

0 

0 

0 

0 

.65 

+++ + 

4- 4- 4- 4- 

4- 4- 4- 4- 

4- 4-4- 4- 

0 

0 

0 

0 

.70 

+++ + 

-i- + 4 — b 

4- 4-4- 4- 

4-4 — 1 — b 

4-4-4- 

0 

0 

0 

.75 

+ + + + 

4- 4- 4- 4- 

4-4-4- 

'f'i" 

0 

0 

0 

0 

.80 

+ + 4 — r 

-b4-4 — b 

4-4- 

0 

0 

0 

0 

0 

.85 

+ + 

4- 

0 

0 

0 

0 

0 

0 

.90 

4- 

4- 

0 

0 

0 

0 

0 

0 


* + + Complete hemolysis, 

-f Slight hemolysis. 

0 No hemolysis. 


TABLE II. 


Complement Eixation -with Lymphocytic Choriomeningitis, Streptocoeeus MG Polysaccharide, and Was- 
sermann Antigens and Antibodies, Using Human Complement, Human Bed Cells, and Tannic Acid. 


Serum 

Antigen 


Initial serum dilution 


Antigen 

Controls 

' im 

1/80 

1/160 

1/320 

1/640 

Anti-MG 

MG* 

Ot 

0 

0 

0 


-b-b-) — b 


LCtMt 

-b-b-b-b -b- 1 — b-b "b-l — 1 — b 4 — b-1 — b 4-4 — b4' 

-b-b-b-b 


N.iCl 

4--b4--b 

4 — b-1 — t- ■ 

4--b-b-b ' 

-b-h-b-b 

4 — b-b-b 

-b-b-f — b 

Anti-LCM 

MG 

-b-b-b-b 4-b4-4- 4-4-4-b 4-4-b4- 

4- 4- 4-4- 



LCM 

0 

4- 


4-4-4- -b4-4-4- 



NaCl 

■f+H — h 4-*4-+-l- H — [-“h-l' -h-i — ! — 1- 




1/8 

1/16 

1/32 

1/61 

1/128 


Luetic 

Wassermann 

0 

0 

0 

0 

+ 

q — j — ) — f- 


NaCl 

4--b-b-b 

4 — 1 — i — b 4--b-b-b 4 — b-b-b 

4-4- 4-4- 


Normal 

Wassermann 

4-4- 4-4- 

4 — 1 — b-b -1 — 1 — 1 — b 4 — 1 — — b 

4-4- 4- 4- 



NaCl 

4'-b-b-b -b-b-b-b -b4--b-b 

4-4- 4-4- 

•b-b 4 — b 



* Streptococcal MG polysaccharide 1/50,000. 

f Lymphocytic choriomeningitis virus soluble antigen, from guinea pig spleen. 
1 Symbols as indicated in Table I. 


and tannic acid were added separately to 
complement, little or no hemolysis occurred. 
If tannic acid and complement were allowed 
to stand together for a few minutes before 
the addition of cells, no hemolysis occurred. 
When cells and tannic acid had been together 
for 15 minutes, they could be used for the 
test for a period of at least 8 hours without 
deterioration. 

The results of complement fixation tests 
with the three antigen-antibody systems 
studied are shown in Table II. It will be 
seen that the anti-streptococcus MG poly- 
saccharide serum fixed complement in a dilu- 
tion of 1:520 with the polysaccharide antigen, 
and showed no fixation with the unrelated 
IjTnphocytic-choriomeningitis antigen. The 
antiserum for the latter antigen, on the other 


hand, fixed complement in a dilution of 1:80 
and showed no fixation with the hIG antigen. 
Normal rabbit serum showed no fixation with 
either antigen. The human luetic serum fixed 
complement with Wassermann antigen in a 
dilution of 1:128, while a normal human 
serum showed no fixation. Consistent results 
in the Wassermann test' were more difficult 
to obtain than in the other antigen-antibody 
reactions described, because of the frequent 
appearance of an anticomplementary effect 
in Wassermann antigen with tannic acid- 
sensitized cells. 

Each of the above sera and antigens were 
tested in 30-minute complement fixation tests 
by the usual method, using guinea pjer 
complement, sheep cells, and rabbit ambot 
ceptor. The serum titers which were obtained 
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ivere substantially the same as those shown 
in Table II. 

Comment. The observation of hemolysis of 
human cells by complement from the same 
individual, and the various conditions under 
which this reaction occurs, are of theoretical 
interest and suggest possible new approaches 
to the problem of complement’s role in 
hemolysis. The complement fixation test itself 
may prove to be of practical value under 
some circumstances. There are certain 
advantages in a serological test which involves 
an homologous hemolj'tic system, instead of 
the 3 or more mammalian species ivhich are 
represented in the usual complement fixation 
test. Jloreover, the method makes it possible 
to do complement fixation tests under con- 
ditions M'here one or anotlier of the usual 
reagents cannot be obtained. 

There are certain limitations to tlie use of 
this method which should be pointed out. In 
Wassermann tests, the frequent finding of 
an anticomplementary effect of antigen pre- 
sents a technical disadvantage. Moreover, 
the test is not feasible with antigens for which 
many human sera possess antibodies in low 
titer, such as influenza virus in allantoic 
fluid, since the complement employed for the 


test may be partially fixed due to the presence 
of antibody in the same serum. For the same 
reason, it is probable that certain tissue 
antigens, with which human sera may react 
non-specifically in low dilution cannot be 
tested by this method. However, in those 
systems which lend themselves to the homol- 
ogous test, the results appear to be clear-cut 
and are reproducible. 

Summary. Human erythrocytes undergo 
lysis in the presence of tannic acid and human 
complement, even when cells and comple- 
ment are obtained from the same blood 
sample. This reaction is dependent upon an 
optimal concentration of 0.7^ sodium 
chloride, and an optimal concentration of 
between 0.06 and 0.03% tannic acid. VTien 
these substances are present in proper con- 
centration, human complement can be titrated 
with reproducible results. 

Specific fixation of human complement by 
three separate antigen-antibody systems has 
been demonstrated, employing homologous 
erythrocytes sensitized by tannic acid. Anti- 
body titers determined by this method were 
comparable to those obtained in the standard 
complement fi.xation test. 
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Effect of Chloromycetin on Experimental Infection with Psittacosis and 
Lymphogranuloma Venereum Viruses. 

Joseph E. Smadel and Elizabeth B. Jackson. 

From, the Department of Virus Ficlrettsial Diseases, Arm;/ ilecUeal Department Research 
and Graduate School, Army Mcdieal Center, TTashinyton, D.C. 


The results of the search for chemical and 
antibiotic substances ivhich might be effective 
in the treatment of infections of viral and 
rickettsial origin have been reviewed recently 


H., and van den FmU, 
M., J. Path, and Pact., 1943, 55, 173. 

£ Kramer, S. D., Ge®, H. A., and Szohel, D. A., 

T. Immunol., 1944, 49, 273. , t, r j„ffct 

■ s Jones, H., Kate, G., and Stearns, B., J. Infect. 

DU., 1945, 76, 55. 


b)' several groups of workers.^*^ The contri- 
bution of Hamre and Rake'' is of especial 
interest as regards the current subject since 
it deals particiilarlj, with viruses of the 
psittacosis-lymphogranuloma group. The pres- 

r Cutting, W. C., DreisLach, B. H., Halpem, K. 
JI., Irwin, E. A., Jenkins, D. W., Proescher, F., and 
Tripi, H. B., J. Ijnmiinol., 1947, 57, 379. 

5 Hamre, D., and Bake, 6., J. Infect. Dis., 1947, 

81, 175. 
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ent paper amplifies our earlier report® on the 
use of Chloromycetin" in experimental in- 
fections with psittacosis virus and summarizes 
our observations on the treatment of embry- 
onated eggs and mice infected with the virus 
of lymphogranuloma venereum. 

Materials and Methods. Virus material. The 
6-BC and P-4'strains of psittacosis were em- 
ployed in this work. The former, isolated in 
1941 by Dr. K. F. Meyer from a parakeet, 
was obtained from Dr. E. Lennette as lyoph- 
ilized yolk sac material ; it is well adapted to 
growth in embryonated eggs and is lethal 
for mice when inoculated by either the intra- 
cerebral or the ihtraperitoneal route. The 
latter, isolated in 1942 from a sick pigeon,® 
also grows profusely in the yolk sacs of 
embryonated eggs but is lethal for mice only 
when inoculated intracerebrally. The L. A. 
strain of lymphogranuloma venereum used 
in the present experiments was obtained in 
1943 from the inguinal gland of a patient;® 
it has been maintained since in this laboratory 
by passage in the yolk sacs of embryonated 
eggs or brains of mice. 

Preparations of the 3 agents used in the 
present work consisted of 20% suspensions of 
infected yolk sac tissue triturated in sterile 
Difco skimmed milk media pH 7.2; these 
were cleared of large particles by light centri- 
fugation and stored in 2.0 ml amounts in 
rubber stoppered tubes at -70°C. The in- 
fectivity of each of the stored suspensions was 
determined by titration in embryonated eggs 
inoculated by the yolk sac route. In addition, 
each suspension was titrated intracerebrally 
in mice, and the preparation containing the 
6-BC strain was also titrated intraperitoneal- 
ly in mice. Titers were calculated by the 50% 
end point method.'® 

Chemotherapy experiments in eggs. The 

« Smiidcl, J. K., and Jackson, E. 13., Science,- 
1047, 100, 41S. 

7 Elirlich, J., Bartz, Q. K., Smith, E. 51., Joslyn, 
D. A., and Burklioldor, P. B., Science, 1947, 
too, 417. 

sSmadel, J. E., IVall, 51. J., and Gregg, A., 
J. rxp. Jted.. 1043, 78, ISO. 

nZarafonctis, C. J. D., Xcw England J. 2[cd., 
1944, 2.10, 507. 


procedure developed in this laboratory for 
testing the efficacy of drugs on the growth of 
rickettsial organisms in embryonated eggs"- 
was followed in the current studies. In this 
technique, groups of 24 embryonated eggs 
■which had been incubated for 7 days were 
inoculated by the yolk sac route with 0.1 or 
0.2 ml of a solution containing the desired 
amount of drug; the control group received 
0.2 ml of buffered saline. Then all the 
embryonated eggs were again injected into 
their yolk sacs with 0.2 ml of that dilution 
of standard virus suspension which would be 
expected to kill the majority of the embryos 
in the control group in 4 to S days. Usually 
30 to 45 minutes elapsed from the time an 
embryo was treated with drug until it received 
the infectious inoculum. In certain tests 
therapy was delayed for 24 to 48 hours after 
infection. Eggs were kept from the time of 
setting and throughout the experiment in 
an incubator regulated to 37°C. Following 
inoculation they were candled daily and the 
time of death of the embryos recorded. Deaths 
occurring in the first 2 days were not counted 
in the results. The mean day of death of 
embryos in each group was calculated. An 
estimate of the efficacy of the drug was ob- 
tained by subtracting the mean value of the 
control group from that of the treated group; 
this gave a figure which was taken as the 
average prolongation of life of the treated 
eggs. The methods for statistical analysis of 
the present data were the same as those used 
previously." Dr. Ross L. Gauld performed 
these calculations for us. 


Chemotherapy experiments in mice. Swiss 
mice of the Bagg strain, weighing 14-18 g 
were used in the present experiments. Mice 
infected by the intracerebral or intraperitoneal 
route received 0.03 ml or 0.2 ml, respectively, 
of an appropriate dilution of standard frozen 
virus suspension. Chloromycetin was admin- 
istered to mice by mouth or injected intra- 


-'-nci.u, X,. d., .ana Alucnch, H., Am. J. Byn 
193S, 27, 493. ’ 

uSmaael, .T. E., Jackson, E. B., and G.auld, 
B. L., J. ImmunoX., 1947, o7, 273. 

Rv J. Immunol., 

ly4G, 0*5, 2ol, 
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FIG. 1 

PROLONGATION OF LIFE OF INFECTED EMBRYONATED EGGS 


TREATED WITH CHLOROMYCETIN 



AVERAGE PROLONGATION OF LIFE IN DAYS 


peritoneally. When the former route was 
used, sufficient drug was dissolved in distilled 
water so that each 1.0 ml of solution con- 
tained Yi the desired daily dose for a mouse. 
Daily at 5:00 p. m. each group of 10 mice 
was offered 20 ml of such solutions in a 
drinking bottle. This amount was usually 
consumed by morning unless the mice were 
moribund. During the day the animals were 
offered tap water. For therapy by the intra- 
peritoneal route sufficient drug was dissolved 
in physiological saline solution so that each 
1.0 ml contained the desired daily dose; this 
was given each morning at 9:00 a. m. 

The lethal titers of the virus suspensions 
were calculated by the 50% end point meth- 
od*® for each set of control mice, and where 
feasible, for the groups of drug-treated mice. 

Results. Prolongation of life of injected 
embryos treated -mth varying doses of drug 
and at different times. Fig. 1 summarizes 
experiments in which doses of drug varying 
from 0.0625 mg to O.S rag were injected into 


he yolk sac just prior to infection with sev- 
;ral hundred M.L.D.’s of one of the 3 agents, 
in this figure the average prolongation of life 
)f the treated groups expressed in days is 
ilotted against the amounts of drug given, 
rhe values for prolongation of life obtained 
in tests with doses of 0.0625 mg and above 
ivere statistically significant. It is aparent 
that a direct relationship exists between 
the amounts of drug employed and the pro- 


lo.ngation of life of the treated embrj'os. 
Furthermore, the results obtained with the 
2 strains of psittacosis virus are essentially 
identical. In this method of testing, lympho- 
granuloma virus would appear to be slightly 
more susceptible to chemoprophyla-xis with 
the drug than psittacosis virus. 

Chloromycetin has a chemotherapeutic ef- 
fect in infected embryos even when treatment 
is delayed for 24 or 48 hours. The results ob- 
tained in tests with the P-4 strain of psitta- 
cosis are illustrated in Table I; these are 
typical of the data obtained w'ith each of the 
3 agents. The prolongation of life in the group 
treated 24 hours after infection was, in 
each instance, slightly greater than that ob- 
tained when treatment was given Y 
before infection. While the values for these 
differences in some of the 5 experiments with 
the 3 agents were such as might have oc- 
curred by chance, the fact that they all 
trend in one direction is significant. In the 
experiment illustrated, and in those with 
the other strains, the effect induced by treat- 
ment given 48 hours after infection ap- 
proached that recorded for the group treated 
just prior to infection. In another experiment 
embryos were infected with approximately 
1,000,000 ]M.L.D.’s of the 6-BC virus. The 
average day of death in the control group 
in this test was 3.1 da3's. Even when injection 
of the drug was delayed for 48 hours there 
%vas still a significant prolongation of life of 
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TABLE I. 

Cliloromyc etiii in Expcr-mcntal Psittacosis in Eggs (Infecting Dose 500 MLD’s of P-4 Strain). 

Drug treatment 

r ■ - - ^ 

No. of eggs Time given Mean day Prolongation of 

in group mg/egg (in hours) of death life (days) 


2-1 

None 


4.83 


2-t 

0.5 

Vi Pro 

8.13 

3.30 

24 

0.5 

24 Post 

8.77 

3.94 

24 

0.5 

48 Post 

7.G4 

2.81 


TABLE II. 

Cliloromycetin in Experimental Psittacosis in Mice (Infecting Dose 80 MLD ’s of 6-BC Strain 

Intraperitonea lly). 


Route 

Drug treatment 

Dilution of infectious inoculum 

mg/clay 

mouse 

Day begun 

10 -^ 

10-c 10-r 10-S 10-9 10-10 


None 



10/10 

7/10 8/10 6/10 2/10 0/10 

I.P. 

2.5 

1 

Post 


1/10 


2.5 

3 

y » 


1/10 


2.0 

G 

ti 


1/10 


1.5 

1 

If 


0/10 


1.5 

3 

>j 


2/10 


1.0 

G 

1 1 


1/10 


0.75 

1 

11 


0/10 


0.75 

3 

1 1 


4/10 


0.75 

C 

>1 


7/10 

Fed 

5.0 

1 Pre 


0/10 


TABLE lU. 


Chloromycetin in Mice Infected by Different Routes -with G-BC Strain of Psittacosis. 


Exp. 


Drug treatment 

Route 

Infectious inoculum 

Dilution 

Titer 

Route 

mg/day 

mouse 

Day begun 

10-3 lO-l 10-3 10-C lO-l 10-S 10-9 10-10 



None 



10/10 10/10 10/10 6/8 S/10 6/10 5/10 0/10 

10-S. 3 





I.P. 



la 

I.P. 

2.5 

1 post 


3/10 0/9 2/9 0/8 0/9 

<10-3 





0.2 ec 




Fed 

5.0 

1 pre 


5/10 2/10 2/10 0/8 0/10 

10-3.4 



None 


I.C. 

10/10 10/10 10/10 10/10 10/10 5/10 0/10 

10-9.0 

11) 

I.P. 

2.5 

3 hours pre 


10/10 10/1010/10 4/10 

10-s.s 





0.03 cc 




Fed 

5.0 

1 pre 


10/10 9/10 9/10 2/10 

10-S.n 


the treated embrj-os, i.c., 1.5 days. 

Effect oj Chloromycetin in mice injected by 
different routes. Mice infected by the intra- 
peritoneal route with approximately 80 
^I.L.D.’s of the 6-BC strain of psittacosis 
were treated with Chloromycetin by the intra- 
peritoneal or oral routes. Data from such an 
e.xperiment are illustrated in Table II, In 
this and subsequent experiments the anti- 


biotic was given to the mice in each test group 
from the time indicated until death occurred 
or until the 12 th day after inoculation of the 
infectious material; treated and control mice 
were observed until the 21st day when the 
e.xperiment was terminated. Seven of the 10 
control mice which received the same concen- 
tration of challenge virus used to infect the 
treated mice died between the 6th and 10th 
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FIG. 1 


PROLONGATION OF LIFE OF INFECTED EMBRYONATED EGGS 



average prolongation of life in days 


peritoneally. When the former route was 
used, sufficient drug was dissolved in distilled 
water so that each 1.0 ml of solution con- 
tained J '2 the desired daily dose for a mouse. 
Daily at 5:00 p. m. each group of 10 mice 
was offered 20 ml of such solutions in a 
drinking bottle. This amount was usually 
consumed by morning unless the mice were 
moribund. During the daj^ the animals were 
offered tap water. For therapy by the intra- 
peritoneal route sufficient drug was dissolved 
in physiological saline solution so that each 
1.0 ml contained the desired daily dose; this 
was given each morning at 9:00 a. m. 

The lethal titers of the virus suspensions 
were calculated by the 50% end point meth- 
od^” for each set of control mice, and where 
feasible, for the groups of drug-treated mice. 

Results. Prolongation of life of infected 
embryos treated ■with varying doses of drug 
and at different times. Fig. 1 summarizes 
experiments in which doses of drug varying 
from 0.0625 mg to 0.5 mg were injected into 
the yolk sac just prior to infection with sev- 
eral hundred M.L.D.’s of one of the 3 agents. 
In this figure the average prolongation of life 
of the treated groups expressed in days is 
plotted against the amounts of drug given. 
The values for prolongation of life obtained 
in tests with doses of 0.0625 mg and above 
were statistically significant. It is apparent 
that a direct relationship exists between 
the amounts of drug employed and the pro- 


longation of life of the treated embrj'os. 
Furthermore, the results obtained with the 

2 strains of psittacosis virus are essentially 
identical. In this method of testing, lympho- 
granuloma virus would appear to be slightly 
more susceptible to chemoprophylaxis with 
the drug than psittacosis virus. 

Chloromycetin has a chemotherapeutic ef- 
fect in infected embryos even when treatment 
is delayed for 24 or 48 hours. The results ob- 
tained in tests with the P-4 strain of psitta- 
cosis are illustrated in Table I; these are 
typical of the data obtained with each of the 

3 agents. The prolongation of life in the group 
treated 24 hours after infection W'as, in 
each instance, slightly greater than that ob- 
tained when treatment was given Yz hour 
before infection. While the values for these 
differences in some of the 5 experiments Trith 
the 3 agents w'ere such as might have oc- 
curred by chance, the fact that they all 
trend in one direction is significant. In the 
e.xperiment illustrated, and in those with 
the other strains, the effect induced by treat- 
ment given 48 hours after infection ap- 
proached that recorded for the group treated 
just prior to infection. In another experiment 
embryos w'ere infected with approximately 
1,000,000 M.L.D.’s of the 6-BC virus. The 
average day of death in the control group 
in this test was 3.1 days. Even when injection 
of the drug was delayi-ed for 48 hours there 
was still a significant prolongation of life of 
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infective titers of the pooled hearts’ bloods 
determined in mice were as follows; controls, 
IQ-e.r;; group treated with injections of 2.5 
mg of drug, 10-^-^; group fed 5 mg of drug, 
less than 10''^ (1 of 5 mice receiving a 
dilution of blood succumbed). 

Discussion. Penicillin and drugs of the 
sulfonamide series have a therapeutic effect 
on experimental infections caused by a num- 
ber of agents of the psittacosis-lymphogran- 
uloma group. Furthermore, these substances 
have been employed in the treatment of pa- 
tients with lymphogranuloma venereum or 
psittacosis (see '■). The present data obtained 
in infected embryonated eggs and mice treated 


with Chloromycetin suggest that the new anti- 
biotic possesses about the same degree of 
activity as that displayed by penicillin and 
sulfadiazine in similar types of studies.^-'- It 
is of interest that none of the drugs are reall}’' 
effective in treatment of mice infected by the 
intracerebral route with these agents. 

Conclusion. Chloromycetin possesses con- 
siderable therapeutic activity in embryonated 
eggs and mice infected with the viruses of 
psittacosis or lymphogranuloma venereum. 
This activity is comparable in amount to that 
demonstrated by others for sulfadiazine and 
penicillin tested under similar conditions. 
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Inhibition of Multiplication of Influenza Virus by Tannic Acid.*’ 

Robert H. Green. (Introduced by Francis G. Blake.) 

From the Department of Internat Medicine, Tale Vniversiy Schooi of Medicine, and the Medical 
Service of the New Haven Hospital. Xeic Haven, Conn. 


Recently it has been reported^*® that var- 
ious substances inhibit multiplication of one 
or more viruses of the mumps-influenza group 
as well as the pneumonia virus of mice. In 
some instances these substances inhibit both 
virus multiplication and virus hemagglutina- 
tion. hloreover, of considerable interest is 

* Aided by .a grant from tbc United States 
Public Health Service. 
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the fact that some of these substances are 
themselves capable of agglutinating erythro- 
cytes. For the most part, when tested in vitro 
they exert little or no direct effect upon the 
viruses against which thej’’ are active in vivo. 
V ith the exception of the enz3^me described 
by Burnet,® which apparently acts upon the 
receptor substance of the cell, the mode of 
inhibitory action and the relationship of 
inhibition of hemagglutination to that of 
multiplication are obscure. 

The fact that tannin agglutinates erj'thro- 
cj'tes has been known for some time.® During 
the course of studies on hemagglutination it 
was observed that tannic acid in concentra- 
tions as low as 45 pg per cc agglutinates 
chicken erythroci'tes. Subsequent investiga- 
tion showed that smaller amounts of tannic 
acid actuall_v inhibit the agglutination of 
chicken erythrocytes by influenza A virus. 
Furthermore, tannic acid inhibits the multi- 
plication of influenza virus in vivo and 
inactivates the virus in vitro. 

9 Freund, ,T., J. Immunol., 1931 ^ •>!, 127 
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days. It is apparent Ironi the tabular data 
that the daily intraperitoneal administration 
of 1.5 mg of Chloromycetin beginning 6 daj's 
after infection was effective since onl}’^ one 
of the 10 mice in the group died. Half this 
amount of drug was ineffective when treat- 
ment was begun on the si.xth day but did 
protect the entire group when given from the 
first day after infection. Finallj', the data in 
Table II show that all mice which received 
appro.vimately 5.0 mg of drug per day b\' 
mouth survived the infection. 

.V series of e.\-periments was ne.xt performed 
in which mice were infected by the intra- 
cerebral route with the P-4 strain of psitta- 
cosis or the L. A. strain of lymphogranuloma 
venereum virus and treated with Chloro- 
m 3 'cetin either b}' mouth or bv intraperitoneal 
injection. In none of these e.vperiments was 
a beneficial chemotherapeutic effect demon- 
strated. The question then arose as to whether 
Chloromycetin would under any circum- 
stance protect against intracerebral infection 
with a member of the psittacosis-lympho- 
granuloma group. The 6-BC strain of psitta- 
cosis was chosen for the ne.vt e.xperiment 
because it is lethal when given either intra- 
peritoneally or intracerebral!}'; this is in 
contrast to the P-4 strain of psittacosis and 
the lymphogranuloma virus which are lethal 
only when given b}' the intracerebral route. 

In the e.xperiment summarized in Table 
III, groups of mice were injected b}' one of 
these 2 routes with serial 10-fold dilutions of 
the 6-BC suspension and treated with Chloro- 
mycetin by daily injection or by feeding. It 
is apparent from the data presented in this 
table that treated mice survived inoculation 
with enormous amounts of virus injected by 
the intraperitoneal route but displayed no 
resistance to intracerebral inoculation of the 
virus. 

Egect of Chloromycetm on the virus in 
vitro and in vivo. Chhromycetin possesses 
little or no direct virucidal action against the 
a<'ent of psittacosis. This was demonstrated 
in an experiment in which 2 portions of a 
10-5 dilution of a standard suspension of 
6-BC strain were prepared; one contained the 
virus in ordinary milk diluent whereas m 


the other the virus was suspended in milk 
media in Avhich rvas dissolved 2.5 mg of drug 
per ml. These 2 portions were held at room 
temperature for 2 hours and then titrated in 
embryonated eggs. The iethal titers were 
lO'®-*’' and 10'^®-*, respectively. Furthermore, 
the average day of death of the embr}' 0 s 
inoculated noth dilutions of the control and 
drug treated suspensions of virus were es- 
sentially the same. As was to be e.xpected the 
lives of the embryos rvhich received the 
original virus suspension containing 2.5 mg 
of drug per ml were prolonged. 

In the present e.vperiments none of the 
embryonated eggs inoculated with even a 
few hundred M.L.D.’s of virus survived to the 
time for hatching even rvhen treated with O.S 
mg of drug. Yolk sac tissues from moribund 
treated eggs were as rich in elementary bodies 
as were those from controls. 

In the e.vperiment summarized in Table 
II, practical!}' all of the mice which surv'ived 
when treatment was begun later than the 
first da}' after Infection developed obvious 
signs of disease. Those least affected showed 
ascites but othenvise appeared fairly healthy. 
Xo apparent illness was noted among the 
mice given the drug by mouth beginning the 
day before infection. In this e.vperiment the 
spleens from 2 animals of each treated group 
in Avhich all mice survi\'ed were tested for virus 
by passage to normal mice; each suspension of 
splenic tissue contained active virus. Further- 
more, the remaining animals in these groups 
resisted an intraperitoneal challenge inocula- 
tion containing several hundred M.L.D.’s of 
the 6-BC strain. Thus, infection was not 
prev'ented in mice treated prophylactically 
nor were the tissues freed of virus when the 
drug was used for chemotherapy. 

Direct evidence that Chloromycetin has a 
suppressive effect on the growth of virus in 
treated mice was obtained in the experiment 
summarized in Table 111. Two mice from 
each of the groups which received a 10"® 
dilution of virus were e.vsanguinated on the 
sixtJi day, care being taken to obtain the 
blood Avithout contamination from the peri- 
toneal cavit}'. At this time the treated mice 
looked healthy but the controls were sick. The 
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infective titers of the pooled hearts’ bloods 
determined in mice -were as follows: controls. 

group treated with injections of 2,5 
mg of drug. ICh'-"; group fed 5 mg of drug, 
less than 10"* (I of 5 mice receiving a KT’ 
dilution of blood succumbed). 

Discussion. Penicillin and drugs of the 
sulfonamide series have a therapeutic effect 
on experimental infections caused b\' a num- 
ber of agents of the psittacosis-lymphogran- 
uloma group. Furthermore, these substances 
have been employed in the treatment of pa- 
tients with lymphogranuloma venereum or 
psittacosis (see ’’)■ The present data obtained 
in infected embrj-onated eggs and mice treated 


with Chloromycetin suggest that the new anti- 
biotic possesses about the same degree of 
activity as that displaj'ed by penicillin and 
sulfadiazine in similar tiTies of studies.^’^- It 
is of interest that none of the drugs are really 
effective in treatment of mice infected by the 
intracerebral route with these agents. 

Conclusion. Chloromycetin possesses con- 
siderable therapeutic activity in embryonated 
eggs and mice infected with the idruses of 
psittacosis or lymphogranuloma venereum. 
This activity is comparable in amount to that 
demonstrated by others for sulfadiazine and 
penicillin tested under similar conditions. 
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Inhibition of Multiplication of Influenza Virus by Tannic Acid.* 

Robert H. Green. (Introduced b\- Francis G. Blake.) 

From the Department of Internal Medicine, Tale Vniversiii School of Medicine, and the Medical 
Service of the -Veir Eaven Hospital, Xeic Haven, Conn. 


Recently it has been reported^*® that var- 
ious substances inhibit multiplication of one 
or more xaruses of the mumps-influenza group 
as well as the pneumonia virus of mice. In 
some instances these substances inhibit both 
virus multiplication and virus hemagglutina- 
tion. Moreover, of considerable interest is 

* Aided Ijy a grant from tire United States 
Public Health Service. 
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the fact that some of these substances are 
themselves capable of agglutinating erythro- 
cytes. For the most part, when tested in vitro 
they exert little or no direct effect upon the 
viruses against which the\r are active in vivo. 
\\ ith the exception of the enzjme described 
by Burnet.^ which apparently acts upon the 
receptor substance of the cell, the mode of 
inhibitoiy- action and the relationship of 
inhibition of hemagglutination to that of 
multiplication are obscure. 

The fact that tannin agglutinates erythro- 
CT-tes has been known for some time.® During 
the course of studies on hemagglutination it 
was obsen-ed that tannic acid in concentra- 
tions as low as 45 pg per cc agglutinates 
chicken erythroci'tes. Subsequent investiga- 
tion showed that smaller amounts of tannic 
acid actually inhibit the agglutination of 
chicken eiythrocytes by influenza A virus. 
Furthermore, tannic acid inhibits the multi- 
plication of influenza \drus in vivo and 
inactivates the virus in vitro. 

I'Fround, ,T., J. Immunol., 1931, 21, lay 
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days. It is apparent from the tabular data 
that the daily intraperitoneal administration 
of 1.5 mg of Chioromycetin beginning 6 days 
after infection was effective since only one 
of the 10 mice in the group died. Half this 
amount of drug was ineffective when treat- 
ment was begun on the sixth day but did 
protect the entire group when given from the 
first day after infection. Finally, the data in 
Table II show that all mice which received 
approximately 5.0 mg of drug per day by 
mouth survived the infection. 


A series of e.xperiments was next performed 
in which mice were infected by the intra- 
cerebral route with the P-4 strain of psitta- 
cosis or the L. A. strain of lymphogranuloma 
venereum virus and treated with Chloro- 
mycetin either by mouth or by intraperitoneal 
injection. In none of these e.xperiments was 
a beneficial chemotherapeutic effect demon- 
strated. The question then arose as to whether 
Chloromycetin would under any circum- 
stance protect against intracerebral infection 
with a member of the psittacosis-lympho- 
granuloma group. The 6-BC strain of psitta- 
cosis was chosen for the next e.xperiment 
because it is lethal when given either intra- 
peritoneally or intracerebrally: this is in 
contrast to the P-4 strain of psittacosis and 
the lymphogranuloma virus which are lethal 
only when given by the intracerebral route. 

In the e.xperiment summarized in Table 
III, groups of mice were injected by one of 
these 2 routes with serial 10-fold dilutions of 
the 6-BC suspension and treated with Chloro- 
mycetin bj' dail3r injection or by feeding. It 
is apparent from the data presented in this 
table that treated mice survived inoculation 
with enormous amounts of virus injected by 
the intraperitoneal route but displa.ved no 
resistance to intracerebral inoculation of the 


virus. 

Effect of CMoroinycetin on the virus in 
vitro and in vivo. Chloromycetin possesses 
little or no direct virucidal action against the 
a"ent of psittacosis. This was demonstrated 
in an e-xTeriment in which 2 portions of a 
10- dilution of a standard suspension of 
6-BC strain were prepared; one contained the 
virus in ordinary milk diluent whereas m 


the other the virus was suspended in milk 
media in which was dissolved 2.S mg of drug 
per ml. These 2 portions ivere held at room 
temperature for 2 hours and then titrated in 
embrj'onated eggs. The lethal titers were 
lO’®-® and 10*’®-®, respectively. Furthermore, 
the average day of death of tlie embrj'os 
inoculated with dilutions of the control and 
drug treated suspensions of virus were es- 
sentially the same. As was to be e.xpected the 
lives of the embrj'os which received the 
original virus suspension containing 2.5 mg 
of drug per ml were prolonged. 

In the present e.x-periments none of the 
embryonated eggs inoculated with even a 
few hundred IM.L.D.’s of virus survived to the 
time for hatching even when treated with 0,5 
mg of drug. Yolk sac tissues from moribund 
treated eggs were as rich in elementary bodies 
as were those from controls. 

In the e.xperiment summarized in Table 
II, practicall}' all of the mice which sunnved 
when treatment was begun later than the 
first day after infection developed obvious 
signs of disease. Those least affected showed 
ascites but othenvise appeared fairly healthy. 
Xo apparent illness was noted among the 
mice giv-en the drug by mouth beginning the 
day before infection. In this e.xperiment the 
spleens from 2 animals of each treated group 
in which all mice survived were tested for virus 
by passage to normal mice; each suspension of 
splenic tissue contained active virus. Further- 
more, the remaining animals in these groups 
resisted an intraperitoneal challenge inocula- 
tion containing several hundred M.L.D.’s of 
the 6-BC strain. Thus, infection was not 
prevented in mice treated prophylactically 
nor were the tissues freed of virus when the 
drug was used for chemotherapj'. 

Direct evidence that Chloromycetin has a 
suppressive effect on the growth of virus in 
treated mice was obtained in the e.\-periment 
summarized in Table III. Two mice from 
each of the groups which received a 10*® 
dilution of virus were e.xsangufnated on the 
sixth day, care being taken to obtain the 
blood without contamination from the peri- 
toneal cavit.v. At this time the treated mice 
looked healthy but the controls were sick. The 
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infective titers of the pooled hearts’ bloods 
determined in mice were as follows; controls, 
lO"--’’; group treated with injections of 2.5 
mg of drug, IQ-i-'’; group fed 5 mg of drug, 
less than 10-^ (1 of 5 mice receiving a ICh’ 
dilution of blood succumbed). 

Discussion. Penicillin and drugs of the 
sulfonamide series have a therapeutic effect 
on experimental infections caused by a num- 
ber of agents of the psittacosis-lymphogran- 
uloma group. Furthermore, these substances 
have been employed in the treatment of pa- 
tients with lymphogranuloma venereum or 
psittacosis (see The present data obtained 
in infected embryonated eggs and mice treated 


with Chloromycetin suggest that the new anti- 
biotic possesses about the same degree of 
activit}’ as that displayed by penicillin and 
sulfadiazine in similar types of studies.'"'’^- It 
is of interest that none of the drugs are really 
effective in treatment of mice infected by the 
intracerebral route with these agents. 

Conclusion. Chloromycetin possesses con- 
siderable therapeutic activity in embryonated 
eggs and mice infected with the viruses of 
psittacosis or lymphogranuloma venereum. 
This activitj- is comparable in amount to that 
demonstrated by others for sulfadiazine and 
penicillin tested under similar conditions. 
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Inhibition of Multiplication of Influenza Virus by Tannic Acid.*" 

Robert H. Green. (Introduced by Francis G. Blake.) 

From ilic Department of Internal Medicine, Tale Universiy School of Medicine, and the Medical 
Service of the Hew Haven Hospital, Xew Haven, Conn. 


Recently it has been reported^"® that var- 
ious substances inhibit multiplication of one 
or more viruses of the mumps-influenza group 
as well as the pneumonia virus of mice. In 
some instances these substances inhibit both 
virus multiplication and virus hemagglutina- 
tion. hloreover, of considerable interest is 
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the fact that some of these substances are 
themselves capable of agglutinating erythro- 
cytes. For the most part, when tested in vitro 
they exert little or no direct effect upon the 
viruses against which they are active in vivo. 
IVith the exception of the enzyme described 
by Burnet,® which apparently acts upon the 
receptor substance of the cell, the mode of 
inhibitory action and the relationship of 
inhibition of hemagglutination to that of 
multiplication are obscure. 

The fact that tannin agglutinates erythro- 
cj’tes has been known for some time.® During 
the course of studies on hemagglutination it 
was observed that tannic acid in concentra- 
tions as low as 45 pg per cc agglutinates 
chicken erythrocytes. Subsequent ini’estiga- 
tion showed that smaller amounts of tannic 
acid actually inhibit the agglutination of 
chicken erythrocytes by influenza A virus. 
Furthermore, tannic acid inhibits the multi- 
plication of influenza A virus in vivo and 
inactivates the virus in vitro. 

s Frciiud, J., J. InnniinoJ., 1931, 2 i, 
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Methods. The tannic acid employed was 
a commercial sample. The PR 8 strain of 
influenza A virus was used e.\xlusively. Al- 
lantoic fluid stored in a CO 2 chest was used, 
as a source of virus. With minor differences, 
tests for inhibition were carried out as pre- 
viously described.'* 

Experimental. Tannic acid was dissolved in 
water, usually in a concentration of 2 mg per 
cc, neutralized with sodium hydroxide, auto- 
claved and again adjusted to pH 7. 0.25 cc 
amounts of serial 2 -fold dilutions of such 
solutions were mixed with 0.25 cc amounts 
of saline containing 8 to 16 hemagglutinating 
units of influenza A virus. After an interval 
of 5 to IS minutes 0.25 cc of a 1% suspension 
of chicken erythrocytes was added to each 
tube. Tannic acid, in final concentration of 
from 5 to 20 /tg per cc, inhibits hemagglutina- 
tion. 

Varying amounts of tannic acid were in- 
jected into the chorio-ailantoic sacs of lO-day- 
old embryonated hens’ eggs and after an 
interval of one-half hour 10 to 100 ID 50 of 
influenza A virus were inoculated by the 
same route. As a rule 0.5 cc containing one 
mg of tannic acid was injected. This amount 
of tannic acid inhibits the multiplication of 
virus to such an extent that the allantoic 
fluids from eggs so treated do not contain 
sufficient virus to produce hemagglutination. 
One mg of tannic acid injected into the al- 
lantoic sac at intervals up to 6 hours pre- 
ceding the inoculation of virus as well as at 
intervals up to one hour following the in- 
oculation of virus also causes inhibition of 
multiplication. 

Allantoic fluid having an ID 50 titer of 1 ®-" 
was diluted 1-40 with saline and a portion 
of this was mixed with an equal volume of 
saline containing 0.2 mg of tannic acid per 
cc as a control, another portion of the same 


allantoic fluid was mixed with an equal volume 
of saline. After standing at 25°C for IS 
minutes tests for infectivity were done by 
making serial 10 -fold dilutions of each mix- 
ture and injecting aliquots of the various 
dilutions into the' allantoic sacs of 10 -day 
eggs. In such experiments tannic add reduces 
the titer of v'irus by at least 3 logs. 

Comment. The chemical effects of tannic 
acid on tissues are well known and have 
been summarized by Olitsky.*® However, 
there is little information available concern- 
ing its effect on viruses. Olitsky ei al. 
showed*®"** that tannic acid instilled intra- 
nasally was able to prevent infection with the 
viruses of equine encephalomyelitis and polio- 
myelitis subsequently administered by the 
intranasal route. In this instance the action 
of tannic acid was said to be exerted on the 
nasal mucosa of the host rather than on the 
virus itself. The fact that tannic acid com- 
bines with proteins to form a material which 
shows a high degree of resistance to the 
destructive action of enzymes*® provides inter- 
esting ground for speculation as to the mech- 
anism of its inhibitory action. In the e.xperi- 
ments reported, however, it would appear 
that at least part of the inhibitory effect of 
tannic acid is dependent on a direct action 
upon the virus. 

Summary. Tannic acid inhibits both hemag- 
glutination and multiplication of influenza A 
virus. In vitro, the virus is inactivated by 
tannic acid. 

It is a pleasure to acknowledge tlie teclinicaT 
assistance of Miss Ann Holloway. 

10 Olitsky, P. K., and Cox, H. E., Science, 1931^ 
80, 566. 
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Exp. Biol, ano Med., 1937, 36, 532. 
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From the Department of Fptdemxology and the Virus Lahoratory, School of Puhlie EeaUh, 
University of Michigan, Ann. Arbor, Mich. 


Francis^ reported that normal serum in 
high dilution could inhibit hemagglutination 
by heated influenza virus. Burnet, hlcCrea, 
and Anderson-'® showed that (a) receptor 
destroying enzyme (RDE) of Vibrio comma 
and unheated influenza virus could destroy 
this inhibitor in normal serum, (b) a dilute 
solution of mucin derived from a pseudo- 
mucinous ovarian cyst and purified blood 
group substance A or 0 of human origin 
■could inhibit hemagglutination by heated LEE 
influenza virus, and (c) RDE and unheated 
LEE virus could destroy this activity of 
mucin. The present report concerns the ac- 
tivity of influenza virus in the presence of 
purified preparations of human salivary 
mucin and gastric mucin of the hog. 

The virus preparations were in the form 
of freshly harvested allantoic fluids of high 
titer derived from the infected chick embryo. 
The effect of various concentrations of human 
salivary mucin on 4 or 5 agglutinating doses 
of virus is recorded in Table I. The results 
show that as much as 2.5 mg/ml of mucin 
did not inhibit hemagglutination by heated 
or unheated influenza virus. No inhibition 
of hemagglutination was noted when gastric 
mucin of the hog was tested under the same 
conditions using swine influenza virus as well 
as the PR8 and LEE strains. 

Since the salivary and gastric mucins did 
not inhibit hamagglutination, the technic 

* This inveslig.ntion iv.is conducted under the 
auspices of the Commission on Influcnz.-i, Army 
Epidemiological Board, Office of the Surgeon Gen- 
eral, United States Army, 'Washington, D.C, 
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used by Burnet, McCrea, and Anderson® 
could not be employed to determine whether 
or not influenza virus had any effect on mucin. 
However, an alternate technic utilizing the 
photoelectric colorimeter as a measure of 
turbidity was employed. In this type of 
e.vperiment a small quantity of mucin in 
buffered saline was added to freshly harvested 
influenza virus. The results show that there 
was no decrease in the turbidity produced by 
mucin as a result of viral action (Table 11). 
In addition the effect of the PR8 virus on 
both human salivary mucin and hog gastric 
mucin was studied to determine whether 
the virus could modify the conductivity or 
viscosity of mucin. In the conductivity test, 
there was no change in conductivity when 
20 ml of PR8 virus with a final agglutinating 
titer of 1 to 40 acted on a solution of hog 
mucin or human salivary mucin containing 
0.2 mg/ml of mucin in the presence of .0067M 
phosphate buffer at pH 7.4 at 25 °C for 105 
minutes and 204 minutes respectively. Using 
the Ostwald viscometer no alteration in vis- 
cosity of mucin was detectable in the presence 
of PR8 virus with a final agglutinating titer 
of 1 to 25 in .067M phosphate buffer at pH 
7.4 when the virus acted on a 1% concentra- 
tion of hog mucin and 0.25% concentration 
of human salivary mucin for 540 and 1017 
minutes at 25'’C respectively. These results 
are not surprising in view of the fact that 
Burnet, McCrea, and Anderson- have shown 
that the serological specificity of mucin is 
not destroyed by virus or by RDE. However, 
the clot or pellicle formed when a drop of 
the human salivary mucin or the gastric mucin 
was deposited in acid alcohol was dissolved by 
a drop of RDE thus indicating that these 
mucins were suitable substrates for RDE. 

Two types of experiment were carried out 
to determine whether or not salivary or gastric 
mucin could inhibit the multiplication of in- 
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■Methods. The tannic acid employed was 
a commercial sample. The PRS strain of 
influenza A virus was used exclusively. Al- 
lantoic fluid stored in a COj chest was used, 
as a source of virus. With minor differences, 
tests for inhibition were carried out as pre- 
viously described.^ 

Experimental. Tannic acid was dissolved in 
water, usually in a concentration of 2 mg per 
cc, neutralized with sodium hydro.xide, auto- 
claved and again adjusted to pH 7. 0.2S cc 
amounts of serial 2-fold dilutions of such 
solutions were mixed with 0.25 cc amounts 
of saline containing S to 16 hemagglutinating 
units of influenza A virus. After an interval 
of 5 to IS minutes 0.25 cc of a 1% suspension 
of chicken erythrocjdes was added to each 
tube. Tannic acid, in final concentration of 
from 5 to 20 fxg per cc, inhibits hemagglutina- 
tion. 

Varying amounts of tannic acid were in- 
jected into the chorio-allantoic sacs of 10-day- 
old embryonated hens’ eggs and after an 
interval of one-half hour 10 to 100 ID 50 of 
influenza A virus were inoculated by the 
same route. As a rule 0.5 cc containing one 
mg of tannic acid was injected. This amount 
of tannic acid inhibits the multiplication of 
virus to such an extent that the allantoic 
fluids from eggs so treated do not contain 
sufficient virus to produce hemagglutination. 
One mg of tannic acid injected into the al- 
lantoic sac at intervals up to 6 hours pre- 
ceding the inoculation of virus as well as at 
intervals up to one hour following the in- 
oculation of virus also causes inhibition of 
multiplication. 

Allantoic fluid having an IDso titer of 
was diluted 1-40 with saline and a portion 
of this was mixed with an equal volume of 
saline containing 0,2 mg of tannic acid per 
cc- as a control, another portion of the same 


allantoic fluid was mi.xed with an equal volume 
of saline. ■ After standing at 25'’C for 15 
minutes tests for infectivity were done by 
making serial 10-fold dilutions of each mi.x- 
ture and injecting aliquots of the various 
dilutions into the' allantoic sacs of 10-day 
eggs. In such e,xperiments tannic acid reduces 
the titer of virus by at least 3 logs. 

Comment. The chemical effects of tannic 
acid on tissues are well known and have 
been summarized by Olitsky.^® However, 
there is little information available concern- 
ing its effect on viruses. Olitsky et al. 
showed*®'*' that tannic acid instilled intra- 
nasally was able to prevent infection with the 
viruses of equine encephalomyelitis and polio- 
myelitis subsequently administered fay the 
intranasal routel In this instance the action 
of tannic acid was said to be exerted on the 
nasal mucosa of the host rather than on the 
virus itself. The fact that tannic acid com- 
bines with proteins to form a material which 
shows a high degree of resistance to the 
destructive action of enzymes*® provides inter- 
esting ground for speculation as to the mech- 
anism of its inhibitory action. In the experi- 
ments reported, however, it would appear 
that at least part of the inhibitory effect of 
tannic acid is dependent on a direct action 
upon the virus. 

Summary. Tannic acid inhibits both hemag- 
glutination and multiplication of influenza A 
virus. In vitro, the virus is inactivated by 
tannic acid. 

It is a pleasure to acknowledge tlie technical 
assistance of Miss Ann Holloway. 

10 Olitsky, P. K., and Co-v, H. H., Science, 1934, 
80, 56G. 

11 Olitsky, P. K., and Sabin, A. B., Pnoc. Soc. 
Exp. Biol, and Med., 1937, 30, 532. 
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Influenza Virus and riluciN 


TABLE I. 

KiTuet Ilf Salivnry ^fucni on IIc»K*iffj;yIutinatioii by Viruses. 


Ileiii.-igglutiiiaHoii 
Dilution of mucin 


Virus 

AV' Ot 
virus 

AUU-lll 

liig/nil 

4 

8 

16 

32 

G4 

128 

25(5 

.512 

1024 

Mucin 

control 

PRS 

4 

2..> 

-1- 

+ 


+ 


+ 

+ 

-1- 

+ 

_ 

BBS licated uC^C/lO 

4 

2.U 

-J, 


+ 

-f 

+ 

+ 

+ 

+ 

+ 

— 

SV 

n 

10 

+ 

-f 


+ 

-f 

+ 

+ 

+ 

-f 



S\V ” ” 

5 

10 



+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

LEE 

1} 

10 

+ 

+ 

-f 

+ 

+ 

+ 

+ 

+ 

+ 



LEE ” ” 

n 

10 

+ 

+ 

-f 

4- 

+ 

-f 

+ 

+ 

+ 

— 


* AD — Agglutinating doses. 


TABLE IL 


Turbidinictric Readings of Virus-Mucin Mixtures. 


JI:\tcri:i!s employed in test 

Photoeloetrie eolorimeter reading 

Time in hrs at ST’C 

Mueiii 

iiig/inl 

LEE 

virus XO.VE Saline 

ml ml ml 

"o 

1.0 3.25 5 

20 

2.5 

— 

— 10 

103 

110 110 125 

101 

2..5 

5 

— 5 

103 

OG 0(5 107 

132 

2.0 

0 

— o 

10(5 

100 9G 109 

131 

2.5 

— 

0 5 

10(1 

95 97 109 

lOS 

2.5 

— 

u u 

05 

90 89 97 

101 

— 

5 

— 5 

42 

44 43 43 

Of 



TABLE III. 



Effect of Gastric 

Mueiu OH Infee 

tioii of the Cliiok Embryo with LEE Virus 




BBC agglutination following iuoeulation 

50% E.I.D. 

» 

Mueiu 





of virus 


mg/ml 

No. eggs 

48 Ill’s after 72 

hrs niie. 

1 




6 

3/6 

4/0 



12.5 

6 

1/G 

2/6 

10 




G 

4/6 

4/G 



12.5 

5 

5/5 

5/5 

100 




0 

(i/G 

6/6 



12.5 

0 

2/6 

3/6 

1000 




6 

6/6 

6/6 



12.0 

5 

o/o 

5/5 

* E.I.D. — Egg iiifeetlve 

dose. 





fluenza virus in the developing chick embryo. 
In Table III are recorded the results obtained 
when the dilution of virus used in the inoculum 
is prepared in a solution of mucin containing 
12.5 mg/ml of mucin and the mi.xture held 
at room temperature for one hour prior to 
inoculation of O.OS ml into the allantoic 
cavity In the other type of e.xpenment one 
ml of allantoic fluid was withdrawn from 
each e-- to be inoculated and one ml of the 
mucin Tolution injected into the egg one hour 


prior to inoculation with O.OS ml of the virus 
dilution (Table IV). The results recorded 
in Table III and Table IV show that there 
is no inhibition of influenza virus multiplica- 
tion when as much as 25 mg of mucin is 
introduced into the allantoic cavity prior 
to inoculation with ten 50% infective doses. 

Comment. The evidence presented by 
Burnet and his colleagues?’®’’* strongly sug- 

Burnet, F. AI., Lancet, 1948, 1, T"- 
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TABLE IV. 

Effect of Salivarj' Alucin on Infection with LEE and PK8 Viruses. 


50% E.I.I).* 
of virus 

Mucin. 

mg 

Time nmciu given 
in relation to 
virus inoculation 

No. eggs 

SBC agglutination 

4S lirs after inoculation 

100 LEE 

0 

1 hr before 

5 

5/5 

100 ’> 

— 

— 

6 

6/6 

10 PE8 

25 

J > > J i 

5 

4/5 

10 ” 

— 



6 

6/6 


* E.l.D. — I^gg infective dose. 


gested that influenza virus has a direct 
enzymic action on mucin in the form of 
purified blood group substances. BurneU 
thinks that the chief significance of this find- 
ing is that it provides a partial basis for the 
specific localization of infection by viruses 
of the mumps-influenza group to glands and 
mucous surfaces. Our failure to secure any 
evidence of viral action on human salivary 
mucin and hog gastric mucin indicates that 
the chemical composition and/or the molecular 
configurations of mucins derived from differ- 
ent sources are not identical. Supporting 
evidence for this viewpoint is contained in a 
recent report which shows that there are wide 
variations in the physical characteristics in- 
cluding the isoelectric point of mucin obtained 

•■'Burnet, F. M., Ajistrah J. Science, 1!)A7, 

10 , 21 . 


from various levels of the gastro-intestinal 
tract of the hog.® The alteration of the 
mucinous blood group substances does not 
result in any alteration of the serological 
specificity of mucin- which again suggests 
that the change might involve only a slight 
molecular rearrangement. 

Summary. Human salivary mucin and hog 
gastric mucin do not inhibit the hemagglutina- 
tion induced by the PR8, LEE, and Swine 
strains of influenza virus and these mucins 
do not inhibit the multiplication of PR8 or 
LEE in the developing chick, embryo. There 
was no turbidimetric or viscosimetric evidence 
of viral action on these mucins. Influenza virus 
ivas also unable to modify the conductivity 
of the human salivary mucin or the hog 
gastric mucin., 

"Bomhii, CL, Jrclt. fisiot, 1941, 41, 36. 
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Effects of Ether and Nembutal Anesthesia upon Blood Concentration 

of the Rat. 


Freeman H. Quimby and Paul A. Saxon. (Introduced by Albert Dorfman.) 

From the Dciiartmcnt of Zooloyy, Viiirer.sity of Itnryhiiid, College Parte. 


The effects of ether and nembutal anesthesia 
on the blood concentration have been reported 
by several investigators. -Anesthesia by nem- 
butal results in hemodilution in cats' and in 
dogs.--® -Anesthesia by ether has been found 


I Ilainliii, II., Essex, H. E,, and Alaim, C. 
Am. J. Ph!i.Aot., 1939, VA5, 713. 

ell.nisner, E., Esse.x, H. E., and Jtann, P. C., 
Am. .7. Phy.Pwt., liKlS, ISt, 3S7. 


to produce hemoconcentration in dogs'-' and 


a Halil), P. F., Bale, \V. F., and Bonner, J. p., 
Jr., Am. jr. PU,j.mol., 1043, 138, 415. 

I Barbour, H, CL, and Bourns, W., Am. J 
PhiiAol., 1924, «7, 399. 


363; 193S, 124, 391. ' ' ‘ ’ 

«Eol],„an, J. L., .Svirbely, J. L., and Mann 
P. C., Surgery, 193S, 4, SSI. 

- Snarls, P. W., .7. a. J/. j., 1939 , 113, goo. 
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a similar but less marked effect is believed 
to appear in man.®'® However, in etherized 
cats^® and rabbits^ no such blood concentra- 
tion occurs. 

It is clear that a species difference exists 
in the response of the above animals to ether, 
and with further investigation a difference 
may appear among other e.xperimental ani- 
mals. In this respect the laboratory rat has 
been strangely neglected; no study of the 
effect of ether or nembutal on the blood con- 
centration of the rat has been reported in the 
literature. 

The problem introduced is important on 
two counts: (I) the correct interpretation of 
blood data obtained from anesthetized ani- 
mals requires a knowledge of the changes 
produced by the anesthesia employed; (2) 
there is danger in applying information gained 
from one species to e.xperiments involving 
another. 


TABLE I. 

Effect of Anesthesia by Nembutal and by Etlier 
on the Erythrocyte Number of the Blood of the 
Albino Bat. 20 Bats for Each Determination. 



Red blood cells 

Trc.itment and 
source of blood 

Mean* 

X 1000 

Eange 

X 1000 

No iincsthesia; tail 
Nembutal; tail 
" heart 

8,530 -t- 130 
7,802 ± 109 
7,376 2t 136 

(7,220-9,780) 

(6,430-8,650) 

(6,330-8,180) 

No aiiestbosia; tail 
Ether; tail 
” heart 

8,368 200 

7,665 ± 210 
6,965-+- 88 

(7.440-9,384) 

(7,106-8,926) 

(6,240-7,910) 

TABLE II. 

Effect of Anesthesia by Nembutal and by Ether 
on the Specific Gravity of the Blood of the Albino 
Rat. 20 Bats for Each Detcrniiuatiou. 

Treatment and 
source of blood 

Specific gravity 

Mean* 

Eange 

No anesthesia; tail 
Nembutal; tail 
” heart 

1.0603 ft .0002 
1.0549 -jr .0003 
1.0529 ± .0003 

(1.059-1.062) 

(1.053-1.058) 

(1.051-1.055> 


Methods. IMale albino rats, weighing about 
200 g, were studied in 2 groups of 20 rats each, 
for the effect of anesthesia on the blood 
concentration. The effects of ether and nem- 
butal were determined on separate groups. 
Ether was administered by the respiratory 
route until the animal was prostrate and all 
reflexes absent. Nembutal was given by intra- 
peritoneal injection in the amount of 0.2 
ml of a lOfo solution. The rats were placed 
in a restraining box and blood samples were 
taken before and immediately after anesthesia 
by clipping the tail and using the free-flowing 
blood. Additional samples were obtained 
following anesthesia by the use of cardiac 
puncture. Determinations were made on the 
red cell count and on the specific gravity of 
the blood. The cell count was determined by 
employing standard clinical dilution pipettes, 
diluting fluids, and hemocytometers. The 
specific gravity was determined by the copper 
sulfate method of Phillips et al.^- 

Results. It is clear from the averages in 


No anesthesia; tail l.OoST i: .0003 (1.058-1.061) 

Ether; tail 1.054S ± .0002 (1.053-1.057) 

' ’ heart 1.0521 .0001 (1.050-1.055) 

* Including standard deviation of the mean. 

Tables I and II that both ether and nembutal 
produced a hemodilution as expressed in the 
reduced red cell numbers and specific gravity. 
These differences have been shown to be 
significant by application of the Fishers’ t 
test. The greater dilution of the blood drawn 
from the heart as compared to that taken 
from the tail is due to the longer time over 
which the anesthesia was allowed to act. This 
is supported by the fact that in a separate 
study red cell counts made on blood samples 
taken simultaneously from the tail and heart 
of a group of ten anesthetized rats were nearly 
identical, the means being 7,651,000 and 
7,513,000 respectively. Similar counts on a 
group of ten unanesthetized rats also showed 
the blood from these two sources to be nearly 
identical, the numbers being 8,967,000 and 
8,790,000. 


8 Gibson, J. ^^2n(l, and Branch, C. D., Surf,., 
Grjn. ami Ohstet., 1937, 05, 741. 

a Eagan, C., Ferrebee, J. W., and Fish, C. ., 
Proc. Soc. Exp. Biol, and 31ei>., 1939, -43, 712. 

“ C. L., J .. J. 

11 Barbour, H. G., Anesthesiology, 1940, 1, 1-1- 


12 Pliillips, S. A., Van Slyke, D. D., Dole, V. P., 
Einorsou, K., Jr., Hamilton, P. B., .uid Archibold, 
E. JI., Copper Sulfate Method for Measuring 
Specific Grai-itic.s of Whole Blood and Plasma, 
Josiah ilacy, Jr., Pomidation, Ntnv Tort, Feb., 
1945. 
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Summary. Anesthesia in the rat by means numbers and in the specific gravity of the 
of nembutal or ether produces a hemodilution, blood, 
as shown by both a decrease in the red cell 
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Possible Eczematous Cross-Hypersentitivity Between Paraphenylenedia- 
mine and Azo-Dyes Certified for Use in Foods, Drugs and Cosmetics.* 

Rudolf L. Baer, ^Morris Leider, and R. L. Mayer. 1 

From the Department of Dermatology and Syphilology, yew Tori; Sinn and Cancer Unit of the 
New York Post-Graduate Medical School and Sospital. 


In recent reports Dobkevitch and Baer^” 
have analyzed in a number of patients the 
cross-sensitization between paraphenylenedia- 
mine and certain azo-dyes used in the manu- 
facture of nylon stockings. It was found that 
this cross-sensitization represented a new 
e-\-ample of the complex of hypersensitivity to 
compounds of quinone structure, as described 
by ]Mayer.^’'‘The present study was undertaken 
to ascertain, in subjects with allergic eczema- 
tous con tact- type sensitization to paraphenyl- 
enediamine, whether this cross-sensitization 
extends not only to those azo-dyes used in 
the dyeing of various goods or as therapeutics 
for dermatological purposes, but also to 
those azo-dyes which are commonly used in 
the United States as dyes, for foods, drugs 
and cosmetics. 

The use of synthetic dyes in foods, drugs 
and cosmetics is regulated under authority of 
the Federal Food, Drug and Cosmetic Act of 
1938 and no coal tar colors otlier than those 
listed and described in these regulations 
may be used in foods, drugs and cosmetics. 
.■\mong the 116 dyes listed, 18 are accepted 

* With the tecliJiical .assistance of Mrs. Dorothy 
Furman. 

t Chief ilierobiologist, Ciba Pharmaceutical 
Products, Inc., Summit, N.J. 

1 Dobkevitch, S., and Baer, I?. L., J. Incest. 
Dcrmat., 1947, 8, 419. 

2 Dubkomteh, S., and Baer, K. L., J. Incest. 
Dermal., 1947, 0, 203. 

2 Mayer, R. L., Arch. f. Dermat. ti. Syph., 192S, 
130, 312. 

Mayer, R. B., J. Incest. Dcrmat., 194S, 10, 3S9. 


for use in foods, 10 of which are azo-dyes. 
These 10 dyes are “straight” colors, free 
from all impurities other than a specified 
maximal allowance (5%) for chlorides and 
sulfates of sodium; for certain aromatic 
amines, as o-toluidine, 0.05%, permitted in 
FD&C Orange No. 1; or .xylidine, 0.1%, in 
FDSi'e Red No. 32; for certain aromatic 
hydrocarbons, as betanaphthol, 0.05% in the 
above-mentioned dyes; and permitting only 
traces of metals such as arsenic (0.00014%) 
and lead (0.001%). 

.All colors used in foods have been examined 
by the Food and Drug Administration and 
found to be harmless in the toxicologic sense. 
The present regulations^ do not set any 
standards for ascertaining the eczematogenic 
potential of dyes to be used in foods, drugs 
and cosmetics, although all of the certified 
colors have been tested for sensitizing capacity 
on the skin of groups of guinea pigs (Cal- 
very**) . 

Experimental. Twenty-five subjects with 
known allergic eczematous contact-type hyper- 
seiisitivity to paraphenylenediamine and 21 
control subjects with no hypersensitivity to 
this compound but most of them with hyper- 
sensitivity to other non-related substances 
were given patch tests with the following 
substances: 


5 Federal Sceurity Agency, Food and Drug Ad- 
ministration : Coitl-Tar Color Regulations, Septem- 
ber, 1940. 

iCalvcry, II. O., Am. J, Pharm., 1942 n-i 
No. 9. ’ 
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HyPEKSENSmviTY TO CERTIFtED FOOD DyES 


TABLE I. 

C'licn)ic!il Terminology of Dyes. 


No. 

Designation 


C'omjiosition 

1 

ED&C Red Ro, 1 


Disod’um salt of l-pseudacumylazo-2-napht)ioi-3,(J-(iisuIfonic acid 

2 

11 

31 33 Ci 


Trisodium salt of l-(4;-sulfo-l-naplit1iylazo)-2-jiai)iit!io)-3,S-disulfoiiie acid 

3 

J t 

33 13 ^ 


Uisodiulu salt of 2-(3-sulfo-2,4-.vylylazo)-l-naplitliol-4-snlfoiiic acid 

4 

> y 

It yy go 


l-,\.vlylazo-2-n.'i{>)it!ioi 

5 

i f 

Yellow So. 

3 

l-pUeuylazo-2-inu)litIi3-laiiiiue 

6 

>1 

1) t y 

i 

l-o-tolvlazo-2-iiaplitIivlaniiiie 

7 

>1 

13 n 

5 

Trisodium salt of 3'cavbox3'-5-li5-drox3'-l-p'SulfopIieiiyl-4-P'SuIfoi>licnyi- 





azopviazole 

8 

y 1 

a yy 

c 

Disodium salt of l-j)-8ulfopheiiylazo-2-nni)IitIioI-G-sulfoinc acid 

9 

3 1 

Oningc Xo. 

1 

Monosodiuni salt of 4-j)-sulfoplienylazo-l-napUtUol 

10 

1 1 

iy ti 

2 

l-o-tolyla-zo-2-iiaplitliol 


(a) Ten azo-dj'es certified for use in foods, 
drugs and cosmetics according to the Federal 
Food, Drug and Cosmetic Act, (b) para- 
phenylenediamine, and (c) a sample of nylon 
stocking material dyed, among others, with 
azo-dyes. 

The procedure adopted for patch testing 
with these substances was that described by 
Dobkevitch and Baer.- All dyes were used in 
2% concentrations in white petrolatum. In 
many instances the reading of the tests was 
difficult since the dyes, particularly the red, 
conferred upon the skin a color sometimes 
indistinguishable from simple erythema. 

The chemical terminology of these dyes is 
given in Table 1. 

Results. The results of the patch tests are 
summarized in Tables II and III. 

In the group of subjects who were hyper- 
sensitive to paraphenylenediamine (Table II), 
4 of the 10 azo-dyes tested elicited strongly 


positive reactions (2+ to 3-4-) in several 
patients: FDc&C Red No. 32, FD&C Yellow 
No. 3 No. 4 and No. 6. Occasional reactions 
were produced by FD&C Red No. 2 and 
FD&C Orange Nos. 1 and 2. 

In the group of control subjects, not sensi- 
tive to paraphenylenediamine, (Table III), 
3 of the 10 azo-dyes elicited marked positive 
( 2 - 4 -) reactions: FD&C Red No, 32, FD&C 
Yellow No. 3 and FD&C Orange No. 2. 
Slightly positive reactions ( 
were occasionally produced by the dyes FD&C 
Red Nos. 1 and 4 and FD&C Yellow No. 4 

The 3 dyes which produce die strongest 
primary reactions in the 

Tint sensitive to paraphenylenediamine are 
among the 4 dyes which produce the strongest 


reactions in the group of patients sensitive 
to paraphenylenediamine. Our inference is 
that in the concentration used, these dyes 
are primary irritants. 

However, an analysis of the results reveals 
certain differences between the reactivities of 
the two groups of patients towards these dyes. 
Generally, the reactions produced in the no»- 
paraphenylenedianiine-hypersensitive control 
group are not only fewer in number, but they 
are definitely weaker, 10 !-{- to 2-4- and 4 
2-4- reactions being elicited in 210 tests. In 
the group of the paraphenylenediamine sensi- 
tive patients there were 13 1-4- to 2-4-iJ 
2-4- and 14 stronger positive reactions in 250 
tests. Dye FD&C Yellow No. 3, for instance, 
gave the following results: In the control 
group, 3 patients had 2-{- reactions; all the 
others showed a weaker reaction or were 
negative (9 out of 21). In the group of pa- 
tients sensitive to paraphenylenediamine, 8 
patients had Z-j- or stronger reactions and 
onl 3 ' 6 out of 25 were negative. Similar re- 
sults were obtained with the other dyes. 

Contrary to the 3 aforementioned dyes 
which had produced many positive reactions 
in both groups, FD&C Yellow No. 6 is not a 
primary irritant, since it produced one I-f- 
reaction in only one of the controls but pro- 
duced 8 reactions, 4 of which were 2-4- to 3-)-, 
among the patients sensitive to paraphenjd- 
enediamine. 

Discussion. The tests reported in Table 
III on patients not sensitive to paraphenyi- 
enediamine show that the dyes FD&C \ ellow 
No. 3, Orange No. 2, Red No. 32 and to a 
lesser e.vtent, Yellow No. 3 must be con- 
sidered as primary irritants in the concentra- 
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tion chosen for the tests. One could therefore 
question whether positive skin reactions 
elicited with these dyes in the group of pa- 
tients sensitive to paraphenylenediamine are 
e.xpressions of an allergic cross-sensitivity to 
compounds of quinone structure and not 
merely coincidental reactivities produced by 
primary irritants. 

Two facts, however, favor the supposition 
that these reactions are etiologically asso- 
ciated with the sensitivity to paraphenyl- 
enediamine and not merely coincidental. 
(1) Both the number and the strength of the 
skin reactions produced by these dyes are 
definitely greater in the group of patients 
sensitive to paraphenylenediamine than in 
the control group consisting of patients not 
sensitive to paraphenylenediamine, but sensi- 
tive to other allergens. These dyes elicited 
14 reactions stronger than 2-f- in the patients 
hypersensitive to paraphenylenediamine; and 
no reactions stronger than 2-f- in the control 
group. (2) Although dye FD&C Yellow No. 6 
was not a primary irritant in the concentration 
employed, it produced skin reactions in 8 
of the patients sensitive to paraphenylene- 
diamine. In 5 of these cases the strength of 
the reactions closely paralleled their reactions 
to paraphenylenediamine. We therefore 
believe that among the positive reactions pro- 
duced by the various dyes in paraphenylene- 
diamine sensitive patients, there are several 
elicited by a specific skin sensitivity to com- 
pounds of quinone structure. 

The results obtained suggest that the ec- 
zematous hypersensitivity to paraphenyl- 
enediamine not only crosses over to some 
azo-dyes which are used for dyeing leather, 
fabrics and other goods, but also to certain 
food dyes, such as FD&C Yellow No. 6 which 
is commonly used for coloring beverages, 
FD&C Red No. 32 used in external coloring 
of oranees and FD&C Yellow Nos. 3 and 4, 
both used in oleomargarine and butter. 

It is by no means surprising that certain 
azo-dyes employed in coloring food are capa- 
ble of producing cross-reactions in patients 
sensitive to paraphenylenediamine. From the 
chemical standpoint these food colors are not 
fundamentally different from those azo-dyes 


which are used for technical or pharma- 
ceutical purposes, their only distinctive 
property being their specific purpose and the 
fact that they are more highly purified. 

For obvious reasons these azo-dyes are less 
conspicuous as general allergens than the 
related azo-compounds which are used for 
other purposes. The production of sensitiza- 
tions and the elicitation of the reactions of 
hypersensitivity depend to a great extent not 
only on the intrinsic sensitizing power of the 
antigen, but also on the concentration and 
on the intensity with which the material comes 
in contact with the susceptible cells. 

There are indeed quantitative differences in 
the amounts of dye usually absorbed by the 
body from foods and those coming in contact 
directly with the skin from dyed goods. The 
quantities of azo-dyes ingested with each 
meal and then reach the cells of the skin 
must be much smaller than those which 
reach the skin from dyed fabrics, furs or 
from medicinal preparations. 

As is often the case under similar circum- 
stances, the question arises whether the posi- 
tive patch tests elicited by the food dyes 
in patients sensitive to paraphenylenediamine 
are of practical importance. It remains to 
be shown that patients presenting these posi- 
tive reactions will react with clinical symp- 
toms to the ingestion of foods colored with 
the incriminated dyes. 

We have had one patient, sensitive to para- 
phenylenediamine, eat within 48 hours, one 
pound of oleomargarine dyed with dye FD&C 
Yellow No. 3 but the ingestion ivas not fol- 
lowed by any clinical manifestations of 
hypersensitivity. However, further trials of 
this type and particularly chronic and re- 
peated exposures by ingestion are necessary; 
only then will it be known whether the amount 
of azo-dye ingested with food is sufficient to 
elicit reactions in individuals sensitized to 
compounds of quinone structure or will cause 
sensitizations in normal individuals. This 
problem is worthy of serious consideration 
since a very large portion of the population 
of the United States is continually e.xposed 
to many of the certified azo-dyes bv contact, 
ingestion and probably also 'inhalation and 
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the possibility of their reacting to these sub- 
stances may constitute a serious problem. 

Certain other problems are intimately re- 
lated to this question. It is known, for 
e.xample, that a number of cases of dermatitis 
from paraphenylenediamine and related com- 
pounds used in hair and fur dyes, photo 
developers, leather dyes, nylon stockings, etc. 
occasionally show flare-ups which cannot be 
explained on Uie basis of a new exposure to 
the causative agent. Our Results suggest 
the possibility that the ingestion of certified 
azo-dyes, which have been shown to produce 
reactions in patients hypersensitive to para- 
phenylenediamine, may be responsible for 
these recurrences. Furthermore, it may be 
possible that certain eczematous eruptions 
now attributed to various foods themselves 
are actually due to the azo-dyes contained 
in these foods. A study of the influence of 
continuous e-xposure to these dyes on the 
causation and persistence of non-eczematous 
and possibly non-cutaneous allergies as, for 
example, asthma due to paraphenylene- 
diamine and related compounds, would prove 
of great interest. 

In evaluating the results shown in Table 
II it seems at first glance ine.xplicable that 
not all aminated azo-dyes used in foods, 
cosmetics and drugs produce irritations. While 
certain of the food dyes listed in Table II 


are seemingly harmless, even for patients 
highly sensitive to paraphenylenediamine, 
other dyes of closely related constitution 
elicit strong skin reactions in a high percentage 
of cases. The data gathered to date in 
various studies indicate that the presence 
or absence of a response to a given azo-dye 
in a case of cross-sensitization to compounds 
of quinone structure depends essentially upon 
the chemical structure of the dyes. Indeed, 
the capacity of an azo-dye to produce skin re- 
actions in patients sensitive to paraphenylene- 
diamine seems to be dependent in most cases 
upon the ease of its transformation into com- 
pounds of quinone structure and upon the 
ability of the quinone compound thus formed 
to couple with certain body constituents. IVe 
believe that only those azo-dyes capable of 
undergoing these changes have sensitizing 
power and elicit reactions in an appreciable 
number of cases.’* 

Conclusions. Skin tests with certain certi- 
fied food dyes in patients sensitive to para- 
phenylenediamine suggest that eczematous 
hypersensitivity to paraphenylenediamine may 
not only cross over to azo-dyes used for the 
dyeing of leather and fabrics, or in ointments, 
but also to certain azo-dyes certified by the 
Food, Drug and Cosmetic Act of 193S for 
use in foods, drugs and cosmetics. The im- 
plications of these findings are discussed. 
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Effect of Pneumonectomy and of Lung E.xtract on Experimental Renal 

Hypertension.* 


B. Z. Klatch and G. E. Wakerlin. 

From the Fcpnrlmnit of Phtjiiotngy, T'nivc>sU)i of lUinois College of .tfcitienu. 


Katz and Steinitz* have demonstrated in 
dogs that pulmonary arterial pressure is not 
altered in experimental renal hypertension. 
This may be e.xplained by the inability of 

* Aiiicd by grants from tho Joliii amt ilarr B. 
Mark!® Eoumlatioii, the United States X.-ivr, and 
tlie Graduate School Rcsearcli Board of the tm- 
versityof Illinois. 


the pulmonary arterioles to respond ade- 
quately to the renal pressor mechanisni, 
inasmuch as Brenner^ found that the walls 
of these vessels average 5.7% of the external 

J Katz, L. M., and Steinjtz, F. S-, A'”- A 
Phgsiol., 1910, 128, 433. 

3 Brenner, O., Jrch. hit. ileO., 193o, 50, 211, 
457, 724, 970, US9. 
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diameter, compared with 36% for the systemic 
arterioles. Certain experimental data, how- 
ever, demonstrate that the pulmonary arter- 
ioles do respond to pressor agents. Friedberg 
et al.-' showed that the intravenous injection 
of angiotonin produced a rise in pressure 
in the pulmonary artery of the dog occurring 
almost simultaneously with the systemic rise. 
With renin, the pulmonary pressure rise lagged 
behind the systemic. Binet and Bergeton'* 
observed a vasoconstrictor action of renin on 
the vessels of the isolated dog lung, and 
found that renin is inactivated by passage 
through a heart-lung preparation. Braun- 
Jlenendez et al.,^ however, observed no ap- 
preciable diminution in renin activity after 
2 hours of perfusion through a heart-lung 
preparation. These findings suggest either 
that renin and angiotonin are not involved 
in hypertension of renal origin, or that in 
chronic renal hypertension the pressor mech- 
anism may operate differently in the pul- 
monary as compared with the systemic 
circulation. 

Design of experiments. The pulmonary 
normotension in e.xperimental renal hyper- 
tension may be due to the elaboration by the 
lung of an antihypertensive substance or to 
the lung's inactivation of a pressor agent 
produced by the kidney. This may occur to 
an extent sufficient to prevent the develop- 
ment of pulmonary hyiiertension. yet not to 
inhibit the production of an elevated pressure 
in the systemic circuit. 

To test for an antihypertensive agent in 
lung tissue. 2 dogs were injected with lung 
extract for 2 months, then were subjected to 
a unilateral renal artery constriction and a 
contralateral nephrectomy. Injections were 
continued throughout the operation period 
and for 2 months following. Good evidence 
exists that prophylaxis can be obtained by a 
similar injection procedure with certain renal 

^ Fvtoitt^cvg. 1... K:itz, L. X., and Stteinitz, F, S., 
.7. I'hiinnacol. iiiul K.rp. TlH’rap., IHIS, 77, SO. 

I liiiut. I... ami lli ructnii. I)., C. Jl. Sue. ile Biol., 
lOtg, 1;1U. 13 1. 

Braun M''m'mliv. if at.. Ufiuil rfi ii.s/uii 

(tran-ilatial Uy 1- IVxti-rl, C. 0. Tlamui.s, Spriiig- 
liuia. 111., IlMtl [I, giiT. 


e.xtracts.® The technique used in constricting 
the renal arteries has been found to result in 
the development of hypertension in a high 
percentage of control dogs. 

To investigate the effect of a reduction in 
lung substance, pneumonectomy was per- 
formed on 4 dogs with moderate renal hyper- 
tension. Two of these dogs were later sub- 
jected to contralateral lobectomy. It was 
felt that any possible pressor inactivating 
effect of the lungs might thereby be reduced 
to a degree sufficient to permit the hyperten- 
sive substance elaborated by the kidney to 
raise the systemic pressure to a still higher 
level. Two normotensive dogs were pneu- 
monectomized as controls. Unilateral renal 
artery constriction and contralateral nephrec- 
tomy were later done on these controls. 

Procedures. Arterial pressures were ob- 
tained on the animals by direct femoral 
puncture at least twice a week.'^ The renal 
arteries were clamped according to our modi- 
fication of the Goldblatt technique® which 
produces hypertension in practically 100% 
of dogs. The pneumonectomies and lobec- 
tomies were performed according to the 
technique of Joannides.® 

The lung extract was prepared from dog 
lungs removed immediately after death. The 
lungs were frozen and ground in a meat 
chopper. The tissue was then defatted over 
48 hours by 2 changes of cold acetone and 
for another 24 hours by cold ether. It was 
then dried under vacuum at room tempera- 
ture in a drying column and finely divided 
in a coffee grinder. Fresh extracts of this 
lung powder were made with a .5% NaHCOj 
in physiological salt solution. One cc of the 
final extract was equivalent to one gram of 
fresh tissue. Streptomycin and penicillin were 
added as preservative. The animals were in- 
jected intramuscularly 6 days a week with 
a dose of 1 .5 cc per kg of body weight. 

v \\ akerihi, G. E., .Tolinsoii, C. A., Smitii, E. L., 
Moss. tv. G., .ukI Weir, J. R., Jm, ,/. Z'lii/.Hiol’ 
1942, ia7. 515. ■ ■’ 

‘ D;u)ies!ipk, W.. imd I.omnii, .T,, Am. .J. PhiiAol 
1932. 101. 14(1. ■’ 

stVaki-rlin. G. E.. uiipublislied data, 
•GToaimities, ttiiias, Arolt. 192S, 17 01 
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the possibility of their reacting to these sub- 
stances may constitute a serious problem. 

Certain other problems are intimately re- 
lated to this question. It is known, for 
e.\ample, that a number of cases of dermatitis 
from paraphenylenediamine and related com- 
pounds used in hair and fur dyes, photo 
developers, leather dyes, nylon stockings, etc. 
occasionally show flare-ups which cannot be 
e.xplained on the basis of a new e.\-posure to 
the causative agent. Our results suggest 
the possibility that the ingestion of certified 
azo-dyes, which have been shown to produce 
reactions in patients hypersensitive to para- 
phenylenediamine, may be responsible for 
these recurrences. Furthermore, it ma\' be 
possible that certain eczematous eruptions 
now attributed to various foods themselves 
are actually due to the azo-dyes contained 
in these foods. A study of the influence of 
continuous e.xposure to these dyes on the 
causation and persistence of non-eczematous 
and possibly non-cutaneous allergies as, for 
example, asthma due to paraphenylene- 
diamine and related compounds, would prove 
of great interest. 

In evaluating the results shown in Table 
II it seems at first glance inexplicable that 
not all aminated azo-dyes used in foods, 
cosmetics and drugs produce irritations. AVhile 
certain of the food dyes listed in Table II 


are seemingly harmless, even for patients 
highly sensitive to paraphenylenediamine, 
other dyes of closely related constitution 
elicit strong skin reactions in a high percentage 
of cases. The data gathered to date in 
various studies indicate that the presence 
or absence of a response to a given azo-dye 
in a case of cross-sensitization to compounds 
of quinone structure depends essentially upon 
the chemical structure of the dyes. Indeed, 
the capacity of an azo-dye to produce skin re- 
actions in patients sensitive to paraphenylene- 
diamine seems to be dependent in most cases 
upon the ease of its transformation into com- 
pounds of quinone structure and upon the 
ability of the quinone compound thus formed 
to couple with certain body constituents. We 
believe that only tliose azo-dyes capable of 
undergoing these changes have sensitizing 
power and elicit reactions in an appreciable 
number of cases.’* 

Conclusions. Skin tests with certain certi- 
fied food dyes in patients sensitive to para- 
phenylenediamine suggest that eczematous 
hypersensitivity to paraphenylenediamine may 
not only cross over to azo-dyes used for the 
dyeing of leather and fabrics, or in ointments, 
but also to certain azo-dyes certified by the 
Food, Drug and Cosmetic Act of 1938 for 
use in foods, drugs and cosmetics. The im- 
plications of these findings are discussed. 
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Katz and Steinitz* have demonstrated in 
dogs that pulmonary arterial pressure is not 
altered in experimental renal hypertension. 
This may be explained by the inability of 

* Aided by giants fi’on' 1'“' 3®'"’ Mary K. 
Marble i'auiidatioi,, the United St.ates X-avy mul 
the Graduate School Research Board of the tin- 
veisityof IlliivQis> 


the pulmonary arterioles to respond ade- 
quately to the renal pressor mechanism, 
inasmuch as Brenner^ found that the walls 
of these vessels average 5.7% of the e.xternal 

I Katz, L. M., and Steinitz, f. S- >1- 

Physiol, 1940, 128, 433. 

2Bieiiiier, O., Arch. hit. ilcA., 1935, oO, 211, 
457, 7^4, .976, 11S9. 
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diameter, compared with 36% for the systemic 
arterioles. Certain e.Yperimental data, how- 
ever, demonstrate that the pulmonary arter- 
ioles do respond to pressor agents, Friedberg 
et al? showed that the intravenous injection 
of angiotonin produced a rise in pressure 
in the pulmonary artery of the dog occurring 
almost simultaneously with the systemic rise. 
With renin, the pulmonary pressure rise lagged 
behind the systemic. Binet and Bergeton'* 
observed a vasoconstrictor action of renin on 
the vessels of the isolated dog lung, and 
found that renin is inactivated by passage 
through a heart-lung preparation. Braun- 
Menendez et al.,^ however, observed no ap- 
preciable diminution in renin activity after 
2 hours of perfusion through a heart-lung 
preparation. These findings suggest either 
that renin and angiotonin are not involved 
in hypertension of renal origin, or that in 
chronic renal hypertension the pressor mech- 
anism may operate differently in the pul- 
monary as compared with the systemic 
circulation. 

Design of experiments. The pulmonary 
normotension in e.vperimental renal hyper- 
tension may be due to the elaboration by the 
lung of an antihypertensive substance or to 
the lung's inactivation of a pressor agent 
produced by the kidney. This may occur to 
an e.xtent sufficient to prevent the develop- 
ment of pulmonar)' hypertension, 3 et not to 
inhibit the production of an elevated procure 
in the systemic circuit. 

To test for an antihj'pertensive agent in 
lung tissue. 2 dogs were injected with lung 
extract for 2 months, then were subjected to 
a unilateral renal artery constriction and a 
contralateral nephrectomy. Injections were 
continued throughout the operation period 
and for 2 months following. Good evidence 
exists that prophylaxis can be obtained by a 
similar injection procedure Nvith certain renal 

3 FrioitbiTg. I,., Katz, I,. X., and Steuiitz. F. S., 
J. Phitniuici‘l. iiinl K.rp, Tlirnip., lit-tS, 77, SO. 

t Uiiu t. I... :iiui ISi'igiUiin. D., C. It. Xnc. (h Bio!., 

104 a. tail. tat. 

liniuii MriuMiili /. i t III,. It, nil! IJi/pirltiniou 

(tniiHl:itt'(i I>,v I,. I'l-xtiT), r. V. Tlirimiis, Spriii^- 
tii'lii, 111., 1040. CUT, 


e.Ytracts.® The technique used in constricting 
the renal arteries has been found to result in 
the development of hypertension in a high 
percentage of control dogs. 

To investigate the effect of a reduction in 
lung substance, pneumonectomy was per- 
formed on 4 dogs with moderate renal hyper- 
tension. Two of these dogs were later sub- 
jected to contralateral lobectomy. It was 
felt that any possible pressor inactivating 
effect of the lungs might thereby be reduced 
to a degree sufficient to permit the hyperten- 
sive substance elaborated by the kidney to 
raise the sj'stemic pressure to a still higher 
level. Tivo normotensive dogs were pneu- 
monectomized as controls. Unilateral renal 
artery constriction and contralateral nephrec- 
tomy were later done on these controls. 

Procedures. Arterial pressures were ob- 
tained on the animals by direct femoral 
puncture at least twice a week." The renal 
arteries were clamped according to our modi- 
fication of the Goldblatt technique® which 
produces hypertension in practically 100% 
of dogs. The pneumonectomies and lobec- 
tomies were performed according to the 
technique of Joannides.® 

The lung extract was prepared from dog 
lungs removed immediately after death. The 
lungs were frozen and ground in a meat 
chopper. The tissue was then defatted over 
4S hours by 2 changes of cold acetone and 
for another 24 hours by cold ether. It was 
then dried under vacuum at room tempera- 
ture in a drying column and finely divided 
in a coffee grinder. Fresh extracts of this 
lung powder were made with a .5% XaHCOs 
in physiological salt solution. One cc of the 
final extract was equivalent to one gram of 
fresh tissue. Streptomycin and penicillin rvere 
added as preservative. The animals were in- 
jected intramuscularly 6 days a week with 
a dose of 1.5 cc per kg of body weight. 

K akertin, G. E., Jolinson, C. A., .Sniitli, E. L. 
itoss, W. G.. .-md Weir, J. R., Am. J. Phiisiol’ 
1942, i;J7, 515. 

r Daiiiesliek, W.. and .T., Am. .T. PliuAo! 

1.932. 101, 140. ■’ 

•'‘Wakeriin. G. E., unpublisiicd d.ata. 

•' .Joannide,'.. Jtinas. Arch. Stirp., 102S, 17, 91. 
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• BLOOD PRESSURES BEFORE AND AFTER CRUDE DEFATTED 
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Results. 1. The lung extract failed to pre- 
vent the development of hypertension in the 
2 injected dogs following constriction of the 
renal artery and contralateral nephrectomy 
(Fig. 1). All ten of the control dogs developed 
hypertension, 2 of them dying of malignant 
hypertension. 2. Pneumonectomies performed 
on 2 of the 4 moderately hypertensive dogs 
did not alter in any way their pressure over 
a period of 4 months. 3. Pneumonectomy and 


contralateral lobectomy on the other 2 hyper- 
tensive dogs likewise did not alter their 
pressure over a period of 6 months (Fig. 2). 
4. The normotensions of 2 dogs were not in- 
fluenced by pneumonectomy, nor did the 
absence of a lung alter the hypertension 
produced by subsequent renal artery clamping 
and contralateral nephrectomy. 

Discussion. The results demonstrate that 
the lung e.xtract used had no prophylactic 
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antihypertensive effect. Moreover, a prelim- 
inary e.vperiment with the dog lung extract in 
rats likewise indicated no prophylaxis against 
e.vperimental renal hypertension.^® However, 
antihypertensive substances not obtained by 
this method of extraction may be present in 
lung. 

A reduction in the amount of functioning 
lung tissue was shown to be without effect 
on the systemic blood pressure of moderately 
hypertensive animals. No regeneration of 
lung tissue was found in these dogs on sacri- 
fice, and it seems likely that sufficient tissue 
was removed to demonstrate some effect if 
the lung plays an active antipressor role in 
e.\perimental renal hypertension. 

Summary. 1. Daily intramuscular injections 
of lung extract for two months preceding and 
following clamping of the renal artery and 

10 Klatcli, B. Z., unpublislicd d.ita. 


contralateral nephrectomy failed to prevent 
the development of hypertension in two dogs. 
2. Pneumonectomy performed on 2 renal 
hypertensive dogs and pneumonectomy plus 
contralateral lobectomy on 2 other hyper- 
tensive animals did not alter their pressure 
levels. 3. The pressures of 2 normotensive dogs 
were not influenced by pneumonectomy, nor 
were the hypertensions subsequently pro- 
duced by renal artery constriction and contra- 
lateral nephrectomy. 4. The results of these 
experiments suggest, but do not prove, that 
the lungs do not elaborate an antihypertensive 
substance and do not inactivate the pressor 
agent of experimental renal hypertension. 
5. Further work is necessary to e.xplain the 
pulmonary normotension of renal hypertensive 
dogs. 

We .ire grateful to Dr. 31. Joamiides for per- 
forming tile pneumonectomies and lobectomies. 
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From the Department of Flipsiologp of the Jefferson Hectical College of Pltilaclelphia. 


Bayliss and Starling' demonstrated the 
mechanism whereby acid introduced into the 
intestine provoked a flow of pancreatic secre- 
tion. With increasing interest in the role of 
the endocrine glands in the regulation of 
bodily function it has been widely assumed 
that the secretin mechanism largely deter- 
mined the volume of pancreatic secretion.- 
Farreli and Ivy,® who feel the secretin mech- 

• The work was supported in part by a grant 
from tlie Cinmnittee ou Food Research of tlie 
Quartermaster Pood and Container Institute for 
tlie .\rmed Forees. The opinions .and conelimioiis 
contained in this report are those of tlie authors. 
Tiny are not to lie eonstrued as necessarily reliect- 
ing the \iews or emiorsiment of the War Depart- 
ment. 

J Bayli.ss, W. 31., and .Starling, E. IT, ./)«. j. 
IVi.V.n'ol., Itioe, 28, ,325. 


anism is the most important, found that a 
denervated pancreas failed to secrete as much 
as expected. fMcClure,' on the basis of his 
determination of enzyme in the duodenal 
content, stated that “stimulation of the e.x- 
ternal enzymic function of the pancreas is 
dependent on some factor or factors unrelated 
to acidity of intestinal contents.” Thomas 

ailoicell’s Text Bool; of Physiology, 15th Edi- 
tion, 19-16, p. 1064, W. B. Saunders Co., Pliiladel- 
piiia; Physiology in Health and Disease, C. S. 
Wiggers, Itli Edition, 1947, p. S09, Lea and 
Feb’ger, Pliiladelphia. 

= Farrell and Ivy, Jin. J. Physiol, 1926, 78, 325. 

l3JcClure, C, W., Functional Activities of the 
Pancreas and Liter, 3rcdical Authors Publishhi'r 
Co., 1937. 

'• Thom.-is, J. E., and Crider, J. 0.. Jm. .r. 
Physiol, 1940, i:jl, 349. 
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and Crider^ found that acid, as a stimulant 
for pancreatic secretion was effective when 
the pH was about 4; however, a copious flow, 
of pancreatic juice was produced only when 
the pH was reduced to 3 or less. The latter 
investigators also" found that, in the dog, 
after a meat meal, the pH of the duodenal 
content generally hovered around 4, at which 
level, a threshold response only would be 
e.vpected. 

Since pancreatic juice with a pH of about 
8 is secreted into a vulnerable part of the 
duodenum, and is an excellent buffer, it is 
generally believed that this secretion plays 
a decisive role in the neutralization of acid 
chyme." Hoerner® showed that even when 
the pancreatic juice was excluded from the 
duodenum, a significant degree of neutraliza- 
tion of the acid gastric contents occurred. On 
the other hand, DeBakey® felt that the pan- 
creatic juice played a lesser role than did 
bile in the prevention of ulcer in the intestinal 
tract. 


In the course of study undertaken to deter- 
mine the normal secretion of the pancreas 
after the ingestion of various foodstuffs, ob- 
servations were made which yielded informa- 
tion pertaining to both of these problems. 

Methods. Healthy adult dogs were pro- 
vided with gastric and duodenal tubulated 
fistulae as has been described elsewhere.^® 
The accessory pancreatic duct was doubly 
ligated and severed; the duodenal fistula was 
placed opposite the ostium of the main pan- 
creatic duct. (Fig. 1). After complete re- 
covery from the above operation, the animal 
was placed in a standing position on a table 
by means of a comfortable muslin harness. 
.A. glass cannula was introduced into the main 
pancreatic duct; two tubes were placed into 


Thoin.is, J. E., .diit. J. UiO’ tJis.. 1040, t. 19.5. 
"ILiim, P. C., .nncl Bolluiaii, J. L., Am. J. Diff. 
Dis., 1935, 2, 2S4; Hourner, JI. T., Am. J. Dig. 
Dis., 1035, 2, 300. 

SHoeriicr, it. T., Am. J. Dig. Di.i., 393o, 2, 2SS. 
0 DeB.'ikey, M. E., Arch. Snrg., lOSi, Si, 230. 

10 Scott V. Brown, Collingivoii, W. J.. Cugel, 
H. T, and Johnson. G. C., 4.. J. 1941, 

134, 24S: H.irt, Wm. M., and Thomas, J. E., 
GitAro-cnterology, 1945, 4, 409. 


the stomach and then through the pylorus 
into the duodenum, the shorter tube being 
so placed that its end was in the region of 
the orifice of the main pancreatic duct while 
the end of the longer tube was placed 3 
inches beyond this point. The gastric fistula 
ivas stoppered and the duodenal fistula was 
covered with a rubber dam which was pierced 
to permit the small pancreatic cannula to 
protrude to the outside. 

Observations were made on 3 dogs so 
prepared. The pancreatic juice was collected 
and the volume measured every 10 minutes. 
In one series of e.xperiments, each lO-minute 
specimen w’as introduced into the duodenum 
through the proximal tube; in a second group 
the pancreatic juice was e.xcluded from the 
intestine during the period of observation. 
Samples of duodenal content were witlidrawn 
from the longer tube at intervals and the 
pH determined electrometrically, using a glass 
electrode. These samples were then promptly 
returned to the duodenum. Preliminary ob- 
servations were made in the fasting state for 
one hour, after which the animal was fed 
small amounts of different foodstuffs and 
observations were continued for five hours. 
In a few e.xperiments large meals were fed, 
and observations continued for a longer period 
of time. 

Results. A comparison of the pH deter- 
minations of the duodenal contents made 
when the pancreatic juice was e.xcluded from 
the intestine with the observations made when 
it was reintroduced, reveals that although, 
in general, the pH is lower when the juice 
is not present, the acidity did not exceed that 
observed ivhen the juice was replaced into 
the duodenum. The difference between the 2 
groups of e.xperiments is evident when in- 
dividual foodstuffs are considered separately. 
There is a tendency for the pH to be higher 
xvhen the pancreatic juice is present. 

Fig. 2 presents this data in toto. The ordi- 
nates represent the pH determined after the 
ingestion of food, the abscissae denote the 
volume of pancreatic juice secreted in the 
ensuing 10-minute period. Entirely similar 
results were obtained when the volume of 
pancreatic juice secreted during the same ten- 
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VOLUME OF SECRETION (ML. PER 10 MIN) 

Fig. 2. 

Soatterfirani sliowing the rehitioiiship hctwcen the pH of the iluodeiial content and the 
volume of pancreatic juice secreted during the ensuing lO-iniuute period. 


minute period was plotted against the pH. 
Dots represent determinations made when 
the pancreatic juice was returned to the duo- 
denum. crosses represent similar determina- 
tions made when the juice was withheld for 
the entire period of observation. The range 
of the pH was lower, but did not e.xceed the 
limits observed when the pancreatic juice 
was present in the duodenum. It is evident 
that the pancreatic juice e.xerts only a mod- 


erate effect on the pH of the intestinal con- 
tent. 

The same data may be used to study the 
effect of acid in the intestine on the volume 
of pancreatic secretions. It is evident from 
a glance at this graph that no clear correla- 
tions between the volume of pancreatic se- 
cretion and the pH of the duodenal content 
existed in these experiments. This is rather 
strikingly illustrated by individual e.\peri- 
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Fia. 3. 

Cuvvea of a typical cxporinicnt after the feeding of a large meal of meat, sliowiug the 
relatively constant pH of the duodenal content in relation to the marked variation in the 
secretion of pancreatic juice at lO-miimte intervals. 


inents. Fig. 3 illustrates the results obtained 
when a large meal of meat was fed. It will 
be noted the pH of the duodenal content 
throughout the period of observation hovered 
about 4, whereas, the volume of pancreatic 
juice varied considerably. Fig. 4 represents 
data obtained after a small feeding of bread. 
It does not seem likely that the fluctuations 
in tire volume of the pancreatic juice were 
related to the differences in pH observed. 

Comment. Our observations are in con- 
formity with those of Hoerner; namely, that 
some neutralization of the acid chyme is 
attained by the action of bile, succus entericus 
and other secretions of the small intestine and 
its appendages, but that generally more com- 
plete neutralization results when pancreatic 
juice is present in the intestine. 

In addition, our findings would suggest that 
during digestion, the volume of pancreatic 


juice secreted is determined by other factors 
than the acidity of the duodenal content 
alone. It would seem plausible that the se- 
cretin mechanism may '‘prime the pancreatic 
pump,” since the duodenal acidity is at, or 
may e.xceed, the threshold value. However, 
other factors must play a determining role. 
Thus Crider and Thomas'^ found that, after 
section of the vagus nerves, the Introduction 
of acid into the intestine was less effective 
in promoting pancreatic secretion tJian pre- 
viously. Possibly two or more different stimuli 
must be active at any one time to evoke a 
copious pancreatic secretion, as does occur 
during the digestive period. However, it 
would seem that when the duodenal acidity 
exceeds a given threshold value, as does oc- 

11 Crider and Thomas, Am. J. Physiol., 19ii, 
141 , 730 . 
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Fw. 4. 

Curve showing a typical experiment after small feeding of bread, demonstr.iting the lack 
of relationship betrveen the pH of the duodenal content and the secretion of pancreatic juice 
at any given time. Determinations Avere made at 10-minute intervals. 


casionally occur, the secretin mechanism may 
call forth a larger volume of neutralizing pan- 
creatic juice. 

Conclustous. 1. Pancreatic juice provides 
buffering material which serves to neutralize 
gastric content more effectively, but some 


degree of neutralization is attained from other 
secretions of the small intestine and its ap- 
pendages. 

2. No correlation is evident between the 
acidity of the duodenal content and the vol- 
ume of pancreatic secretion. 
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In vit) o Lysis of Leucocytes from T uberculous Humans by 
Tuberculoprotein.** 


Paul pREMONT-SMiTHt AND CUTTING B. FAVOUR. (Introduced by J. H. Mueller.) 
From the Mescal Clinics of the Peter Bent Briyhom Hospital anil the Department of itcilicine, 

Harvard JLedical School. 


In a Study on the delayed type of hyper- 
sensitivity, it has -been found that lympho- 
cytes from tuberculous mice and guinea pigs 
are specifically destroyed when e.xposed in 
vitro to tuberculoprotein.^ The purpose of 
this report is to e.xtend this type of observa- 
tion to man. 

E.'cperimental. Using a method previously 
described,- suspensions of human white cells 
were obtained by layering whole, heparinized 
blood over albumin-saline mixtures,! and 
centrifuging. The resulting cell suspensions 
consisted of 50-80% lymphocytes, 20-40% 
neutrophil leucocytes, and small percentages 
of the other white blood cells. Experiments 
were performed on the leucocytes from 3 
groups of subjects: (1) tuberculin-positive 
(PPD) patients with bacteriologically proven, 
active, severe tuberculosis; (2) subjects with 
positive tuberculin skin tests (PPD) but no 
demonstrable clinical tuberculosis; and (3) 
healthy persons with negative tuberculin skin 
tests (PPD, second strength). 

Cytolysis was demonstrated by adding 0.2 
cc of white cell suspension (7,000-15,000 cells 
per cu mm in fresh normal human serum) to 

0.2 cc of “antigen” solution (fresh normal 
human serum containing PPD-s,^ 25 -/ per 
cc). Directly after mixing, these prepara- 
tions were incubated in a water-bath at 37‘='C. 

‘Work done under an U.S.P.H.S. Rescarcli 


Samples were taken at 5, 20, 60 (and 90) 
minutes for total white cell counts (5-10% 
error), and differential counts (1000 cells). 

As cell system controls, parallel counts 
were performed on similar cell concentrations 
suspended in fresh normal human serum alone. 
Cell preparations suspended in fresh normal 
serum containing 200 y per cc of a beta 
streptococcal protein, similar to that used to 
demonstrate cytolysis in tissue culture,^ 
served as “antigen” controls. 

It was previously noted that phosphate or 
citrate ions blocked cytolysis in this type of 
e.xperiment.^ To further elucidate the role of 
complement in this reaction, fresh human 
serum heated at 56 °C for one-half hour, was 
used in some experiments as the suspending 
and diluting fluid, in place of fresh normal 
human serum. 

Experiments have been performed one or 
more times on at least 6 individuals in each 
of the 3 categories outlined. 

Results. Sample protocols illustrate the 
results obtained in typical experiments.^ 

1. Twenty to 60% of the lymphocytes, 
and 20-90% of the neutrophil leucocytes from 
the peripheral blood of patients with active 
severe tuberculosis, are specifically destroyed 
within 90 minutes by contact in vitro with 
small amounts of tuberculoprotein (Table I). 

2. If heat-inactivated serum is substituted 
for fresh normal serum as the suspending and 


Grant. 

f Francis Weld Peabody Fellow iii Medicine. 
t Sterile 35% isotonic bovine albumin solution 
kindly supidied by Armour and Company, Stock 


Yards, Chicago, 111. 

1 Favour, C. B., Pboc. Soc. 


Exp. Bion. axd 


Med., 1947, 05, 2G9. xr r 

2 Ferrebee, J. W., and Geimau, Q. M., J. Jnf. 
Bis., 1946, 78, 173, as modified by Favour. 

3 Seibert, F. B., and Glenn, J. T., Am. Bev. Tuh., 


1941, -44, 9. 


diluting fluid in these preparations, no 
cytolysis occurs (Table I). 

3. No cytolysis, beyond that induced by 
the trauma of the procedure (1-10% in 2 
hours), occurs on exposure of these cells to 

■t Moeu, J. K., and Swift, H. F., J. Pxp. Med., 
1936, 339. 

5 In the protocols, eosinophils, basopliils, and 
monocytes have not been recorded as they total 
less than 2%. 
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TABLE I. 

In vitro Effect of PPD ou Blood Leucocytes from a Patient with Miliary Tuberculosis (Tuber- 
culin Positive). 





Lymphocytes 

Granulocytes 





Absolute 


Absolute 



Total WBC 

7o 

No. 

ct 

/O 

No. 

PPD 

0* 

2430 

77.1 

ISSO 

21.8 

.530 

Normal serum 

30' 

1260 

SS.l 

lUSO 

11.0 

136 


GO' 

SIO 

87.5 

700 

11.4 

92 

PPD 

5' 

3190 

66.2 

2110 

33.6 

1070 

Ile.ated serum 

30' 

3270 

65.2 

2130 

34.8 

1140 


60' 

3280 

70.0 

2290 

30.0 

990 

Normal serum 

5' 

2580 

78.4 

2020 

21.3 

550 

control 

30' 

2380 

79.0 

1880 

20.1 

4S0 


60' 

2570 

79.7 

2050 

19.6 

oUO 


Note: Progressive eytolysis of lymphocytes and granulocytes in the presence of PPD and 
fresh normal human serum. No eytolysis ivith heat-inactivated serum. 


TABLE II. 

In vitro Effect of PPD on Blood Leucocytes from a Patient with Tuberculous Pneumonia 
(Tuberculin Positive). 


Lymphocytes Granulocytes 




Total WBC 

% 

Absolute 

No. 

% 

Absolute 

No. 

PPD 

5' 

SS90 

53.2 

4730 

46.6 

4140 

Normal serum 

20' 

8130 

52.0 

4220 

47.7 

3880 


60' 

7220 

50.G 

4080 

43.3 

3120 


90' 

6160 

52.4 

3220 

46.9 

2890 

Strep, protein 

0' 

8130 

57.4 

4670 

42.2 

3430 

Normal serum 

20' 

8440 

56.0 

4730 

44.0 

3710 


60’ 

8060 

60.0 

4840 

40.0 

3220 


90' 

8120 

56.4 

4580 

43.2 

3500 

Normal serum 

5' 

7790 

58.0 

4520 

41.6 

3240 

control 

20' 

7450 

59.0 

4400 

41.0 

3050 


GO' 

7030 

60.0 

4220 

40.0 

2810 


90' 

7320 

58.2 

4260 

41.6 

3050 


Note: Progressive eytolysis of hmiphoeytcs and granulocytes in the presence of PPD and 
fresh normal human scrum. No eytolysis with strep, protein (200 7 per cc). 


(a) fresh normal human serum alone, or 

(b) streptococcal protein in fresh normal 
serum (Table II). 

4. Leucocytes from healthy tuberculin- 
positive or tuberculin-negative subjects are 
not affected by contact in vitro with PPD or 
streptococcal protein, under the conditions of 
these e.xperiments. 

Conclusions. The observation that lympho- 
cytes from animals infected with certain bac- 
teria arc specifically destroyed by contact 
in vitro with protein extracts of these bacteria^ 
has been extended to humans infected with 
.1/. tuberculosis. In the human, as in the 


guinea pig, the neutrophil leucocytes are also 
specifically lysed. It is of interest that 
although the lymphocytes from tuberculous 
subjects of all 3 species (mouse, guinea pig, 
human) so far studied, are specifically sensi- 
tive to tuberculoprotein, the neutrophil leuco- 
cytes are affected only in those species which 
show a positive delayed-type tuberculin skin 
test (f.e., guinea pigs and humans). In the 
tuberculous mouse, which fails to develop 
delayed-type skin hypersensitivity reactions to 
tuberculoprotein,^ lympholysis occurs but 

SGerstl and Thomas, Yale J. Biol, anil ilcd., 
1940-41, 13, G79, ref. eit. 
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other cell types remain unaffected.^ Appar- 
ently, the presence of complement is necessar\f 
for the occurrence of this form of prompt 
cytolysis. E.xperiments to further elucidate 


the role that this type of cytolysis plays in 
the pathogenesis of de]ayed-t 3 'pe hypersensi- 
tivity are in progress. 
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An Electrophoretic Study of the Serum Proteins in Scleroderma. 

Sheldon A. Walker and Earl P. Bendixt. (Introduced by S. Rothman.) 
From the Division of Dermatology, Department of iledicine, and the Department of Pathology, 

Dniversily of Chicago, Chicago, III. 


Scleroderma (literally: “hardening of the 
skin”) occurs in two forms: diffuse and local- 
ized. The diffuse form is a progressive sys- 
temic disease of the connective tissue through- 
out the body4'- The localized form on the 
other hand appears clinically to be limited 
to the skin and is a much milder disease. In 
spite of numerous investigations, the patho- 
genesis of scleroderma remains obscure. Ob- 
servations on the serum proteins have been 
limited to an occasional routine determination 
showing a decrease in the albumin/globulin 
ratio with little change in the value for total 
proteins.^ It seemed possible that a more 
detailed analysis by the Tiselius method of 
electrophoresis might yield additional infor- 
mation of value. 

Methods and Materials. Serum was ob- 
tained in the fasting state from 12 normal 
subjects, 5 patients with diffuse scleroderma, 
and one patient with localized scleroderma. 
Four ml of serum were dialyzed against 2 
liters of barbiturate buffer (ionic strength 0.1, 
pH 8.6) for 48 hours at 4'’C, then diluted 
1:3 with buffer. Electrophoresis was carried 
out in the Tiselius apparatus using a double 
section cell and an optical system of the type 
described by Philpot.-* It proceeded for 80 
minutes at a potential gradient of 8 volts per 


Matsvi, S., Press, med., 1924, -, 14- 
Lindsay, J. K-, Templeton, F. E., and Boti- 
. S J. A. M. A., ?943, 133, 745. 

Banks, B. U., Few F»3- 

Philpot, J. St. L., Fame, 1938, 141, 283. 


cm and a temperature of 1°C. Patterns were 
photographed directly, enlarged 5X, and the 
areas measured with a planiraeter. Com- 
ponents were delineated bj’’ vertical lines 
drawn from the minima of the curves, to the 
baseline. Ascending and descending pattern 
areas were averaged for each component ex- 
cept ,ff-globulin; here only the ascending pat- 
tern area tvas used. Total and nonprotein 
nitrogen were determined by the niicro- 
Kjeldahl method. 

Results. In diffuse scleroderma, as shown 
in Table I, the albumin fraction of the serum 
proteins decreases and the -/-globulin fraction 
increases, but no significant change occurs in 
the total protein value. The alterations in the 
albumin and y-globulin fractions are statis- 
tically significant. No new components in the 
electrophoretic pattern and no gross alterations 
in mobilities are evident. While little weight 
can be given to data from one case of localized 
scleroderma, it is interesting to note that the 
changes are qualitatively and quantitatively 
similar to those occurring in the diffuse sclero- 
derma group. This is somewhat surprising in 
view of the apparent absence of systemic 
involvement in the localized form of the 
disease. 

Discussion. The changes described are in 
no way diagnostic since similar changes occur 
in many chronic infections, in disseminated 
lupus erythematodes, in liver disease, and in 
other conditions.^ They may, however, give 


s Stern, K. G., and Seiner, 31., Tale J. Biol, and 
Med., 1946, 19, 67. 
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TABLE I. 

Electrophoretic Aiial)'sis of Serum Proteins in Scleroderma. 


Patient 

No. 


% of total protein 



Concentratioi: 

i.g % 


r 

Alh. 


Globulins 


/• 

Globulins 


Total 

protein 

ai 

ctli 


7 

Alb. 2.1 

a2 


7 






Diffuse Scleroderma. 





1 

44.0 

4.0 

10.3 

17.2 

23.4 

3.30 0.34 

0.76 

1.27 

1.73 

7.41 

2 

57.9 

4.6 

9.1 

14.3 

14.1 

3.66 0.29 

0.58 

0.90 

0.89 

6.32 

3 

47.1 

6.0 

9.1 

12.6 

25.3 

3.52 0.45 

0.68 

0.94 

1.89 

7.47 

4 

44.5 

4.6 

10.3 

17.2 

23.4 

3.19 0.33 

0.74 

1.23 

1.68 

7.17 

5 

44.4 

7.9 

7.9 

17.0 

22.0 

2.36 0.42 

0.42 

0.94 

1,17 

5.31 

Mean 

47.7 

5.5 

9.3 

15.8 

21.6 

3.21 0.37 

0.64 

1.00 

1.47 

6.74 


5.82 

1.45 

1.00 

O 00 

4.38 

0.508 0.067 

0.140 

0.178 

0.422 

0.921 






Localized Scleroderma. 





6 

46.9 

5.4 

8.0 

12.0 

27.6 

3.04 0.42 

0.02 

0.93 

2.14 

7.77 






Normal (12 

subiects). 





Mean 

5S.4 

4.7 

9.2 

15.2 

12.8 

4.00 0.32 

0.63 

1.05 

0.89 

6.90 

c 

2.81 

0.67 

1.00 

1.95 

2.45 

0.276 0.039 

0.091 

0.162 

0.207 

0.483 

(7 = Standard deviation. 













TABLE II. 









Clinical Data on the Patients. 








Duration of 






Patient 



disease, 







No. 

Age 


Se.v 

yrs 

Tissues involved in addition to skin 

Course 

1 

25 


F 

3 





Stationary 


36 


F 


Joints 




j; 


3 

54 


M 

7 

Esophagus, lungs, .ioints, 

pleura, 

peri- 








cardium, connective tissue (general* 








ized) 




Expired 

(autopsy) 

4 

58 


M 

21/2 

Joints 




Expired 


5 

62 


M 


Esophagus, lungs, ioints, 

, renal 

and 

> > 

(autopsy) 






uivocardial vessels* 





G 

13 


F 

0 





Progressive 


Patient o also showed hypertension. Selerodcrnia was the only disease noted in anv of the other 
patients. 


some clue as to the pathogenesis of sclero- 
derma. The rise in the y-globulin fraction, 
which contains most of the known antibodies, 
suggests an immunological response, such as 
that which occurs during immunization,® or 
in the course of infectious diseases. Decrease 

0 Van der Seheer, .T., Eohncl, E., Clark, F. II., 
and WyckotT, E. W. G., J. Immunol., 1942, 4-1, 165. 


in the albumin fraction, which occurs early 
in scleroderma, is also a characteristic 
of the electrophoretic pattern in malnu- 
trition, liver disease and kidney disease.® 
Liver involvement is seldom found at autopsy 
in scleroderma, but kidney changes do occur, 
and a poor state of nutrition commonly 
accompanies the disease. 
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Effect of Acute Liver Damage on Ac-Globulin Activity of Plasma.^ 


Edwin M. Sykes, Jr., Walter H. Seegers, and Arnold G. Ware. 

ihc Dcparliiiciit of Physiology, College of Hfcdicine, V'aync University, Detroit. 


Normal plasma has been shown to contain 
a factor, Ac-globulin, which is a highly active 
accelerator of blood clotting. It acts by 
catalyzing the interaction of prothrombin, 
thromboplastin and calcium with the resultant 
formation of thrombin. The hemorrhagic 
disease, parahemophilia, recently reported to 
occur in the human being, is the result of a 
deficiency of this factor. Ac-globulin is differ- 
eniiated from prothrombin in that it is 
precipitated from aqueous solutions at a 
higher pH, is more readily destroyed by heat- 
ing, and is less soluble in concentrated am- 
monium sulfate solutions.^’^ It is measured 
quantitatively^ by an adaptation of the 2- 
stage method of prothrombin determination 
and may be detected in normal dog plasma 
in dilutions up to 350,000. 

In acute liver damage, such as that pro- 
duced by the administration of chloroform, 
there is a marked decrease in plasma pro- 
thrombin and fibrinogen.'’’' In this paper we 
report that acute liver damage produced by 
chloroform also lowers plasma Ac-globulin. 

Experimental. Quantitative estimation of 
Ac-globulin was achieved by an adaptation 
of the 2-stage prothrombin assay procedure. 
Details of the method are reported elsewhere.® 
In essence the method consists of comparing 


* Aideil by a grant from the XT. S. Public Health 
Service. 

1 Owreu, P. A., Proc. yorwcgiaii Acad. Science, 


Kov. 10, 1914, p. 21. 

aPautl, P., and N.-inee, II., Xature, 1946, 158, 
70S. 

3 W-are, A. G., Guest, il. AX., and Seegers, W. H., 
J. Siol. Chem., 1947, 169, 231. 

4 Oivren, P. A., Lancet, 194 q 253, 440. 

5 Ware, A. G., and Seegers, W. H., L. Biol. 


Chem., 1948, 173, 699. , t, ■ 1 1 

esmit!., H. P., Warner, E. D., and Brmkhous, 

K. AI., J. Exp. Jlcd., 1937, 66, 801. , 

T Poster, D. P., and yan-ppic, G. H., Am. J. 
Physiol., 1922, 58, 407. 


the rates of activation of prothrombin with 
thromboplastin and calcium ions in the pres- 
ence of knotvn and unknown amounts of 
Ac-globulin. The prothrombin, thrombo- 
plastin and calcium are kept constant. When 
prothrombin is activated in this manner under 
standard conditions the rate of thrombin 
formation is directly proportional to Ac- 
globulin concentration. Thrombin is measured 
by adding fibrinogen at intervals and noting 
the clotting time. 

Three adult male dogs weighing 13 to 19 
kg were observed for a period of 2 weeks and 
judged to be healthy on the basis of normal 
rectal temperature, maintenance of weight 
and food intake, alertness and activity. They 
were fasted for 36-72 hours and then given 
moderately deep chloroform inhalation anaes- 
thesia varying in length of time from lyi to 
3 hours. Plasma .Ac-globulin, coagulation time 
(Lee-White), hematocrit and icterus index 
were determined at intervals before and after 
chloroform administration. Prothrombin was 
determined by the 2-stage method of XVarner, 
Brinkhous and Smith,®’® as modified by Ware 
and Seegers.® The modification consists only 
of supplying Ac-globulin when necessary. 
Heparin was used as the anticoagulant for 
blood specimens taken from one dog and 
3.3% sodium citrate for those taken from the 
other 2 dogs. 

Results. For 4 to 6 days following the ad- 
ministration of chloroform, the dogs showed 
lethargy, anorexia, and a low-grade tempera- 
ture increase. The establishment of liver 
damage was shown by the development of 
an icteric color to the plasma first becoming 
noticeable 24-48 hours after the anaesthesia, 
and by the development of hypoprothrombi- 
nemia. At no time, however, did the animals 
show clinical jaundice or clay-colored stools. 

sWamer, E. D., Briiiklious, K. and Sniith, 
H. P., -dm. J. Physiol., 193(5, 114, (5(57. 
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Fjo. I. 

The effect of acute liver daaiage (e)iloroform 
intoxication) on the plasma Ac-glohuliu concentra- 
tion of the dog. 

The onset of the plasma jaundice and the peak 
of the icterus index rise were not associated 
with a drop in the hematocrit. All of the dogs 
survived. 

The duration of chloroform administration, 
from lyi to 3 hours, appeared to have no 
marked influence on the resulting changes in 
Ac-globulin and prothrombin concentrations. 
The values shown in Fig. 1 for the dog anes- 
thetized for a period of 3 hours are representa- 
tive for the group. Within 24 to 48 hours 
after anaesthesia, the plasma Ac-globulin 
decreased precipitously in all dogs from 
initial values of 100 to 370 units per cc to 


low values of 1 to 3 units per cc. Prothrombin 
also decreased to low levels but did so some- 
what later, within 48 to 72 hours after 
anaesthesia. Ac-globulin returned to normal 
values in approximately 6 days, while pro- 
thrombin returned more slowly, reaching 
normal values in about 10 days. Significantly 
increased coagulation time, hematoma forma- 
tion and excessive bleeding from venipuncture 
wounds were encountered 2 days after anaes- 
thesia; the dog receiving 3 hours of anaes- 
thesia, in addition, showed continuation of 
the bleeding tendency through the third day. 
Fibrinogen was absent in this dog 2 days after 
anaesthesia as shown by the failure of blood 
samples to clot following the addition of a 
very active preparation of thrombin. 

Discussion. These experiments indicate that 
the hemorrhagic tendency occurring in cases 
of acute liver damage is attributable not only 
to decreased prothrombin and fibrinogen con- 
centration”-' but also to decreased plasma 
Ac-globulin. The data suggest further that 
plasma Ac-globulin is formed in the liver. 

Summary. Acute hepatic damage in the dog, 
caused by chloroform intoxication, is followed 
by a pronounced and rapid decrease in plasma 
Ac-globulin concentration. This decrease is 
accompanied by a parallel decrease in plasma 
prothrombin concentration. Ac-globulin re- 
turns to normal values more quickly than 
does prothrombin. 
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Prevention by Sodium Salicylate of Arteritis in the Experimental Allergic 

State.* 


Clement J. Sullivan, Thomas W. Parker, and Russell W. Hibbert. 
(Introduced by Ralph A. Kinsella.) 

(With the technical assistance of-Helen Lee.) 

From the Department of Internal Medicine, St. Louis University School of MeOieine, 

St. Louis, 2io. 


It has been established that arteritis can 
be produced in the e.\perimental animal fol- 
lowing the injection of foreign protein.^'® We 
have attempted to produce experimental arter- 
itis in one group of rabbits and to prevent 
its expected production in a similar group, 
with the purpose of clarifying the mechanism 
of its pathogenesis. Several extensive reviews 
of the problem have appeared, among which 
is that of Logue and Mullins.'* The pathology 
has been described, and circulating antibody 
has been studied, The process which 
precedes antigen-antibody reaction in the 
fixed tissues has in part been indirectly 
demonstrated*-'^® by the recovery of humoral 
antibody against homologous kidney from 

* This work was aided by funds from the James 
B. Miller Institute of Experimental Medicine of 
St. Louis University. 

1 Hagebush, O. E., and Kinsella, E. A., Pboc. 
Soc. Exp. Biol, and Med., 1030, 27, 022. 

2Eich, A. B., and Gregory, J. JE., Dull. Johns 
Bophins Hasp., 1943, 72, 65. 

SEich, A. B., and Gregory, J. E., Dull. Johns 
Bophins Bosp., 1943 , 73, 239. 

■i Eox, E. A., and Jones, L. E., Psoc. Soc. Exp. 
Biol, and Med., 1944, 35, 294. 

5 Kyser, F. A., McCarter, J. C., and Stengle, J., 

J. Lah. Clin. Bed., 1947, 32, 379. 

OHawn, G. van Z., and Janeway, C, A., J. Exp. 
Bed., 1947, So, 571. 

7 Logue, E. B., and Mullins, F., Ann. hit. Bed., 
1946, 2d, 11. 

SLougcope, W. T., and Backemaun, F. M., 

J. E.vp. Bed, 1918, 27, 341. 

0 Derick, 0. L., Hitchcock, C. H., and Swift, 

H. F., J- Clin. Invest., 1928, 5, 427. 

10 Mackenzie, G. M., and Leake, W. H., J. Exp. 

Bed., 1921, 33, 601. r t, J Exv 

iiFleisher, M. S., and Jones, L. E., J. Jsxp. 

Bed., 1931, 51, 397. 


animals injected ivith hemolytic streptococci; 
this suggests initial union of the streptococ- 
cus antigen with a kidney tissue hapten frac- 
tion. A histologic correlation with the im- 
munological process in e.xperimental arteritis® 
has shown that one of the earliest manifesta- 
tions of the lesion is collection of lymphocytes 
and monocytes around the artery at which 
time circulating antibody is absent. These 
observers® present these findings as evidence 
of fixation of antigen in the arterial wall, and 
of antibody migration within the lymphocytes 
to the site of fixed antigen. 

Sodium salicylate suppresses circulating 
antibody in the e.xperimental animal*'*®’*^ 
and in clinical serum sickness.® Given intra- 
venously* it did not prevent the occurrence 
of e.xperimental arterial lesions. Suppression 
of circulating antibody was reconciled with 
hastening of recovery by postulating that the 
same mechanism which rendered an infectious 
agent less antigenic might also render it less 
pathogenic.*® Sodium salicylate in vitro e.x'erts 
some inhibitory effect on immune re- 
actions.*®’*® Some investigators have found 

12 Cavelti. P. A., and Cavelti, E. S., Arch. Fatlu, 
1945, 39, 14S. 

13 Cavelti, P. A., and Cavelti, E. S., Arch. Path., 
1945, 40, 158. 

11 Cavelti, P. A., and Cavelti, E. S., Arch. Path., 
1945, 40, 163. 

15 Jones, L. E., personal eommunication. 
l« Swift, H. F., J. Exp. Bed., 1922, 86, 735. 

17 Homburger, F., Pkoc. Soc. Exp. Biol, and 
Med., 1946, 61, 101. 

IS Marrack, J., and Smith, F. C., Drit. J. Exp. 
Path., 1931, 12, 30. 

19 Coburn. A. P., and Kapp, E. M., J. E.rp. Bed, 
1943, 77, 173. 

SO Guerra, P., Science, 1946, 103, 686, 
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in vitro and in vivo inhibition of hyaluroni- 
dase activity by salicylates-®’-^ and believe 
this is due to inhibition of the enzyme reaction 
invoh'ed in liberation of N-acetyl-glucosa- 
mine. The toxic effects of salicylates have 
been studied---®®’-^ and are proportional to 
size of dosage. 

.■\nti-histaminic drugs protect against ana- 
phylaxis-® but there is no correlation between 
anaphylactic reactions and the occurrence of 
vascular lesions.'* However, the anti-histamin- 
ie drugs greatly minimize the vascular lesions 
in e.xperimental arteritis'* and do have an 
anti-hyaluronidase action.-® Hyaluronidase 
greatly intensifies the size of epidermal al- 
lergic reactions.-® 

Para-aminobenzoic acid is apparently con- 
cerned with metabolic stimulation of host 
cells.*'* 

Method. Twenty albino rabbits were given 
intravenous injections of sterile horse serum 
on 3 occasions. The first dose was 10 cc per 
kilo; the second dose, given 16 days later, 
was one cc per animal; the third dose, given 
6 days later, was 10 cc per kilo. Seven days 
after the third injection all surviving rabbits 
were sacrificed by air emboli and were im- 
mediately autopsied. The organs were fixed 
in formalin, sectioned, stained, and the heart 
and kidneys carefully studied for the presence 
of arteritis. 

The animals were divided into 4 groups. 

Group A, 3 rabbits, was given para-amino- 
benzoic acid starting 31 days prior to the 
first injection of horse serum and continuing 
throughout the course of the experiment. The 
P.-^B.A was dissolved in their drinking water, 

21 Dorfman, Eeimers, E. J., and Ott, 31. L., 
1947, G-1, 357. 

22 Stevenson, C. S., Jm. J. d/cJ. Science, 1937, 
103, 772. 

23 Guest, G. II., Eapoport, S., and Eoscoe, C., 
J. Chn, Invest., 1945, 2-4, 770. 

21 Jager, B. V., and Ahvay, E., Jm. J. Med. 
Science, 1940, 211, 273. 

2-' Mayer. E. L., Iluttrer, C. P., and Seliolz, 
C. E., Science, 1945, 102, 93. 

23 ilayer, E. L., and Kull, p. C., Pnoc. Soc. 
Exp. Biol. .\xd 3Ied., 1947, GO, 392. 

21 GreifC, D., Pinkerton, II., and iloragues. "V., 
.7. i'j-ji. iled.. 1944, SO, 501, 


each cc containing 0.0026 g of PABA. 

Group B, 12 animals, was given sodium 
salicylate daily, starting 8 days prior to the 
first injection of horse serum and continuing 
throughout the course of the experiment. A 
5% aqueous solution was employed and the 
injections were given subcutaneously once 
each day. The daily dose was 0.2 g per kilo 
of body weight. 

Group C, 2 animals, was treated e.xactly 
the same as Group B with the exception that 
each injection of sodium salicylate was given 
intravenously prior to the first injection of 
horse serum. After that all sodium salicylate 
injections were given subcutaneously. 

Group D, 3 animals, received nothing other 
than horse serum. 

The animals in all groups were bled on one 
or several occasions and the serum was tested 
for the presence of precipitin against horse 
serum. 

Results. The results are shown in Table I. 
The 3 animals in Group B that failed to 
survive died during the night in the last week 
of the e.xperiment. In the presence of post- 
mortem changes no conclusions can be drawn 
from the appearance of their tissues. However 
all 3 showed the same findings, consisting of 
gangrene of the caecum, peritonitis, and 
lymphocytic and monocytic infiltration around 
the arteries of the kidneys. Group C animals 
both showed, in addition to periarterial round 
cell infiltration, diffuse and localized collec- 
tions of lymphocytes throughout the paren- 
chyma of the kidney, thickening of some 
glomerular membranes, and infiltrations of 
mononuclear cells around the afferent arter- 
iole. 

Discussion. Whereas the horse serum con- 
trol animals and 2 of the PAB.A treated ani- 
mals developed arterial lesions and circulating 
antibodj* at the end of the e.xperiment, the 
findings were difi'erent in the sodium salicylate 
treated animals. ^Moreover, the route of ad- 
ministration of the sodium salicylate apparent- 
ly influenced the effect. When it was given 
subcutaneously the surviving animals showed 
no evidence of arteritis but did produce 
circulating antibody in moderate or attenuated 
quantity, late in the course of the e.x-periment. 



TABLE I. 

Effect of PABA and of Sodium Salicylate and Its Route of Administration on Ilmnoial Antibody and Perinrtwia! Lesions in Rabbits Tiijeeled willi 
Horae Serum. 
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When it was given intravenously first and 
subcutaneously later the animals did develop 
arteritis and glomerular changes, but pro- 
duced circulating antibody in scarcely detect- 
able quantity, late in the course of the 
experiment. 

The following theory is offered as a pos- 
sible explanation of the reactions here ob- 
served. When sodium salicylate is administered 
subcutaneously sufficiently in advance of the 
first injection of antigen, it blocks the fi.vation 
of antigen in the tissue cells. This precludes 
any need of antibody in the tissues and there 
is, therefore, no lymphocytic or monocytic 
migration to the tissues. In this absence of 
tissue antigen-antibody union the chain of 
events leading to production of lesions is 
never started. The intravenously injected 
antigen circulates for a prolonged period, and 
in its passage through the lymph nodes and 
other reticulo-endothelial structures gives rise 
to production of antibody. Union of this 
circulating antibody with its antigen is pre- 
vented by reason of the inability of antigen 
to become fixed to tissue cells. The presence 
of this circulating antibody thus becomes an 
indifferent matter to the well being of the 
host, at least insofar as this type of allergic 
reaction is concerned. The observations of 
others concerning the potentiating effect of 


hyaluronidase in a certain type of allergic 
reaction-® and the anti-hyaluronidase activity 
of sodium salicylate,-®--’- suggest that sodium 
salicylate blocks antigen fixation in the tissues 
by inhibiting hyaluronidase activity. 

No conclusions can be drawn concerning 
the effect produced when sodium salicylate 
is given intravenously prior to the first injec- 
tion of the antigen and subcutaneously there- 
after, since only 2 animals were treated in 
this manner. However, the identical' findings 
in both suggest a lowering of the protective 
action against antigen-tissue fixation, and a 
heightening of the depressant effect on the 
reticulo-endothelial system. This problem is 
at present under further investigation. 

Conclusions. 1. The subcutaneous admin- 
istration of large doses of sodium salicylate to 
rabbits well in advance of the initial contact 
with horse serum antigen prevents the devel- 
opment of arterial lesions. 

2. The arterial lesions fail to develop even 
though circulating antibody is present in 
moderate quantity. 

3. It is believed that the lesions fail to 
develop because there is no antigen-antibody 
reaction, and that this reaction can not take 
place because salicylate has prevented antigen 
from uniting with tissue cells. 
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Specificity of the Response of Various Assay Organisms to Nicotinic Acid.'-' 


Benjamin E. VolcaniI and Esmond E. Snell. 

From the Department of DiochemUtry, College of Agriculture, University of Wisconsin, 

ilaHison. 


It has recently been shown with Nenrospora 
mutants that tryptophan can be converted to 
nicotinic acid and that kynurenine and 
hydroxyanthranilic acid are intermediates in 

- I’liblislicd with the .-iiiliniviil of tlio Uircetor 
of the Wi.-ioiiaiii .\griculttir:il Ex'iieriiiiriit Sta- 
tion. 

t l're-i(‘iit aililrc's: Daniel Sieff Itc.searcli Insti- 
tute, itehovoth, I'alejtine. 


the conversion.’-- This conversion, which also 
appears to be carried out by the intestinal 
flora of animals,®- ‘ and possibly by animal tis- 

1 Beadle, G. W., Mitchell, II. K., and Xyc, .1. F., 
Proe. Xat. Acad. Sci., 1947, ;J3, Ij.l. 

ailitchell, n. K., .and Xyc, .T. F., Free. Xat. 
.lead. Sci., 194S, S-1, 1. 

SEllinger, P., and Abdel Kader. il. il., Xaturc, 
1947, l(iO, 075. 
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sues;t is of considerable interest in human 
nutrition." Since microorganisms are widely 
used for the determination of nicotinic acid, 
and since these intermediates occur naturally 
under some conditions, it was of interest to 
determine whether the commonly used assay 
organisms could utilize f-kynurenine or 
hydro.\yanthranilic acid for growth in place 
of nicotinic acid. For the organisms tested, 
these compounds were uniformly inactive. 
The data essential for establishing this fact 
are presented below. 

Experimental. Cultures and Methods. 
The cultures used were Lactobacillus arabino- 
sus 17-5, Leuconostoc niesenteroides P-60, 
Streptococcus jaecalis R, Proteus vulgaris and 
Torula cremoris 2512. The niacin assay 
medium employed with the first three organ- 
isms was the complete amino acid assay 
medium described by Henderson and Snell,® 
with niacin omitted. For Proteus vulgaris, 
the medium of Saunders et al." was used. 
With Torula cremoris, the medium and assay 
conditions described by Williams® were em- 
ployed. In all cases, solutions of l-kynurenine 
and hydroxyauthranilic acid^ were sterilized 
by filtration, and added aseptically to the 
basal media after these had been sterilized by 
autoclaving. The final volume in all assay 
tubes was 2 cc. After a three-day incubation 
period, which permitted heavy growth of all 
organisms except Proteus vulgaris in media 
containing excess niacin, cultures were diluted 


I SeUweigert, B. S., and Pe.H’soii, P. B., J. Biol. 
Chem., 1946, 16S, 343. 

t Cf. the synthesis of niacin which occurs dur- 
ing iucubatiou of !icu (Quarles, E., and Siiell, 
E. E., J. Xiitrilioii, 1941, 22, 483) and turkey' 
(Funii.ai!, C., Snell, E, E., and Cravens, TV, TV., 
Foultnj Science, 1947, 20, 307) eggs, where no 
(nieroorganisins are present. 


3 Anonymous, Xutrition Sec., 1947, 3, 247. 

0 Henderson, L. M., and Snell, E. B., J. Biol. 
Ciicm., 194S, 172, IS. 

7 Saunders, P., Dorfnian, A., and ICoser, S. A., 
J. Biol Clicm., 1941, 138, 69. 

STVilliams, TV. L., J. Biol Clicm., 1946, 106, 397. 

5 TVe are indebted to Dr. H. K. Jlitchcil for 
samples of t-kvnurenine and hydro-vaxthr-milic 
acid. Synthesis of the latter compound has h^u 
described recently (Nyc, J. F., and JBtchell, H. K., 
/. Jm. Chem. Soc., in press). 
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with water to 10 cc and turbidity values 
determined with the Evelyn photoelectric 
colorimeter. Results are given in Table I. 
In no case did kynurenine or hydroxy- 
anthranilic acid, either singly or combined, in 
the presence or absence of sub-optimal quan- 
tities of niacin, enhance growth. Ornithine, 
glutamine and arginine, which increase nico- 
tinamide production by some strains of E. colt, 
have also been shown to be ineffective in sub- 
stituting for the niacin requirement of L. 
arabinosiis,^ the organism most commonly 
used for assay of this vitamin. 


Summary. Kynurenine and hydroxjmnthran- 
!lic acid, which appear to be intermediates in 
the conversion of tryptophan to nicotinic acid 
by Neurospora, neither replace nicotinic acid 
nor enhance the growth response to sub- 
optimal amounts of nicotinic acid for L. 
arabinosits, Letic. meseiiteroides, S. faecalis, 
Proteus vulgaris, or Torula cremoris. These, 
substances do not, therefore, interfere in 
microbiological assays for niacin which employ 
these test organisms. 

AiJpveciatiou is expressed to Professor CIi. 
Woizmauu whose kindness made this study possible. 
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Paper Partition Chromatographic Analysis and Microbial Growth Factors: 

The Vitamin Bo Group. 

Walter A. Winsten and Edward Eigen. (Introduced by A. E. Sobel.) 

From Food Research Laboratories, Inc., Long Island City, K.Y. 


Microbial growth factors often exist in 
nature in more than one chemically defined 
form. In the past, differential assays with 
several microorganisms have been used to 
demonstrate this multiplicity. 

The present report deals with an alternate 
procedure for recognizing the presence of 
different forms of a growth factor. The method 
involves the combined use of paper partition 
chromatography and a microbial indicator 
and represents, as far as the writers are aware, 
a new methodological principle for the recog- 
nition and resolution of different chemical 
forms of a growth factor. 

-■\s will be seen, the method to be described 
is the counterpart of the technique used in 
the differention of the several forms of peni- 
cillin by Goodall and Levi' and independently 
by Winsten and Spark- except that in dealing 
with growth factors, zones of microbial growth 
serve to delineate the different members of 
a complex instead of zones of inhibition, as in 

1 Goodall, It. R., and Levi, A. A., Xatnre, 194i5, 
lo8, G75, 

-Winsten, W. .-V., and Spark, A. II., Science, 
lOir, 100, 192. 


the case of the antibiotics. The use of zones 
of microbial growth to assay vitamins wds 
suggested by the work of IMager and Aschner.® 

In the present method, the underlying 
principle involves the separation on a paper 
strip chromatogram of the different chemical 
forms of a growth factor. After the separation 
has been achieved, the positions of the differ- 
ent forms on the paper strip are revealed bj' 
the use of a microbial indicator, that is, a 
microorganism capable of utilizing at least 
one and usually several forms of the factor 
for growth. The positions of the various' 
chemical entities on the chromatogram serve 
to characterize and identify the particular 
substances present. This is a consequence of 
the fact that the distance each substance 
moves is related to its specific partition co- 
efficient for the solvents employed in develop- 
ing the chromatogram. 

In what follows, the application of this 
method to the resolution and identification of 
the members of the Bo group will be described. 
This particular complex of growth factors was 

SMager, J., and Aschner, M., J. Fact., 19 d 7 
53, 2S3. ' 
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studied first since its component parts are 
well known, principally due to the work of 
SnellP The present report is intended to 
demonstrate the potentialities of the tech- 
nique employed and to describe some results 
obtained by its use. 

Method. In applying the method to the 
vitamin Bo group, a 0.007 ml drop of a solu- 
tion (pH adjusted to 5.0) containing 1-5 /xg 
per ml of each of the various members of the 
group is applied near the head of a paper 
strip chromatogram (Whatman No. 4 paper 
strips 1" by 16" are used). The chromatogram 
is then developed for about 6 hours with wet 
butanol in a humid atmosphere in the manner 
first devised for amino acids by Consden, 
Gordon and J>Iartin.“ After drying for 15 
minutes at 65 °C, the paper strip chromato- 
gram with the various members of the vita- 
min Bii complex now occupying definite posi- 
tions along the strip, is laid on an agar plate, 
seeded with Saccharomyces carlsbcrgcnsis, 
strain 4228, an organism which exhibits a 
growth response to all three known forms of 
the vitamin. The nutrient agar® contains all 
factors necessary for the growth of the or- 
ganism with the e.vception of the vitamin B« 
group. In making the agar plate a bottom 
layer of the nutrient agar is made by pouring 
300 ml of the agar medium on a plate 11" by 
18". This is allowed to harden. A 200 ml 
portion of the nutrient agar cooled to 48-50° 

C is seeded with 10 ml of sterile physiological 
saline to which has been added a loopful of a 
24-hour culture of the yeast. The seeded agar 
is then poured on the hardened underlayer 
and allowed to cool. (Using such a plate, as 
many as 8 strip chromatograms resulting 
from eight separate analyses may be laid 
parallel to each other on the nutrient agar at 
one time). The paper strip chromatogram is 
allowed to soak for 5 minutes on the surface 
of the moist agar in order to transfer the 
various Bo members from the strip to the 

.1 B. E., ./.^Thi. Client. Soc., 1944, 06, 20S2. 

Cousde.!, E., Gordon, A. 11., and Martin, 

\ J P., Biocliem. J., 1944, 38, 224. 

‘ ‘o Atkin, L., Schultz, A. S., Williams, S. L., and 

Prey, L. 31., 

15j 14:1. 


agar plate. The strip is then removed leaving 
its imprint, however, on the agar surface. 
The agar plate is then incubated overnight 
at 27-30°C. After incubation well defined 
elliptical zones of growth of the organism are 
seen at various intervals along the locus of 
the chromatogram marking the loci of the 
various members of the vitamin Bo group. 
The area of eacli zone of growth is a measure 
of the amount of the particular substance 
causing the growth. While it has proved pos- 
sible to obtain a dose response curve for each 
substance by plotting area of growth against 
weight of substance per ml, the greatest util- 
ity of the method lies in its ability to resolve 
and identifj' the various members in complex 
mixtures of the 'different forms of vitamin 
Bo. Visual inspection of the size of tire zones 
of growth gives a graphic picture of the rela- 
tive amounts of the various forms present in 
a mixture. 

The different members of a complex are 
identified by their relative positions along the 
length of a chromatogram. Each substance 
has its characteristic Rj.- value which is defined 
according to Consden et al.^ as the ratio of 
the distance a substance has moved down the 
chromatogram to the distance the developing 
solvent has traveled. This is conveniently 
measured directly on the agar plate if one 
imprints on the agar the spot where the 
original drop was applied as well as the 
boundary on the strip to which the solvent 
front has moved. This is readily done when 
the paper strip is still in place on the agar 
surface. The Rp value is then equal to the 
distance of the center of a zone of growth 
from the point of application of the sample 
being analyzed, divided by the distance the 
solvent has moved measured from the point 
of application of the drop. 

Results. The above technique was first 
applied to the resolution of the members of 
the vitamin B,; group in a synthetic mixture. 

On chromatographing a 0.007 ml sample 
of a mixture containing 5 micrograms each 
per ml of pyridoxal, pyridoxine and pyri- 
do.xamine with wet butanol, the characterizing 
Rp values for the component factors were 
found to be; pyrido.xamine 0.18, pyrido.xal 
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chromatographing an extract of the vitamin 
Be group obtained by the usual acid hydrol- 
ysis of natural products, a study was then 
made of the influence of a mixture of amino 
acids on the Rf values of the Bo group mem- 
bers since various amino acids might be 
expected to be present in such extracts. 
Accordingly, the various forms of Br. dissolv^ 
in a solution containing 5 per cent casein 
hydrolysate adjusted to pH 5, were chromato- 
graphed as above. 

The presence of the amino acids caused a 
diminution in the Rf value of pyridoxamine 
from O.IS to 0.06; that for pyridoxine de- 
creased from 0.75 to 0.64. 

Since the presence of amino acids in solu- 
tions being analyzed for the Be group alters 
the Rf values, these are not sufficient to 
identify the Be components unequivocally in 
an unknown mixture. It has been found 
expedient to identify members of the Bo 
group in an e.xtract of natural origin by ob- 
taining a second chromatogram of the sample 
to which a known form of Be has been 
added to serve as a marker. The relative 
position occupied by the various Bo members 
to that of the known form of Be added as a 
marker, serve to identify the former. 

The results obtained on chromatographing 


Fig. 1. 

Kesults of p.iper P-'‘*’tition cl.romatography ap^ 
plied to synthetic members of the Bo g P- 
photograph represents a picture of a yp A 
plate and shoivs the zones of growth of f 
bergems, Strain Xo. 4228, along the loci of tlu 

paper strip chromatograms. The synibol (a) 

refers to the locus of point of 

sample. The symbol (b) refers to the }“undarj 

to which the solvent had moved. The strips rep 

sent the result of chromatogr.'iphing a ® 

pyridoxal, pyridoxamine, and 

ij. pvridoxamine alone (strip -), an py 

•alone' (strip 3), and pyridoxine alone (strip 4). 


a solution of pyridoxal and casein hydrolysate 
amino acids indicated that pyrido.xal had 
reacted with certain constituents of the 
hydrolysate. Two zones of growth were ob- 
served. One was identified as pyridoxamine. 
On standing for several days at icebox temper- 
ature under aseptic conditions the pyrido.xa- 
mine zone increased in size indicating that 
almost half the original pyrido.xal was con- 
verted to pyridoxamine. Snell and Rannefeld” 
have shown that on heating pyridoxal in 


0.68, pyridoxine 0.75. That is, pyridoxamine 
moves least rapidly on the chromatogram. 
Fig. 1 shows the results of such an experiment. 

The Rf values were found to vary 10 to 
20% from day to day. However, on any given 
day replicate chromatograms gave self- 
consistent Rf values. The relative positions 
on the chromatograms of the different forms 
of B,j remained the same. 

In order to simulate what might occur on 


solutions of amino acids, it is converted to 
pyrido.xamine. However, the ease with which 
this reaction occurs, even at low temperatures, 
has not been fully appreciated. This finding 
throws some doubt on the validity of the usual 
tj'pe of microbiological assay for pyridoxal 
where the extract also contains amino acids, 
since these might convert an unknown frac- 

" Snell, E. E.. and Rannefeld, A. II., J. Biol. 
Chem.f 1945, 157, 475. 
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tion of pyridoxal to pyridoxamine. 

The second zone observed on chromato- 
graphing pyridoxal in casein hydrolysate solu- 
tion, namely that due to pyridoxal itself, was 
found to be more diffuse and cover a larger 
area along the locus of the chromatogram. 
This lengthening of the zone was interpreted 
as being due to a reversible reaction of pyri- 
doxal and certain amino acids, a fact sus- 
pected by Snell but not heretofore easily 
demonstrated. 

In using the analytical technique under 
discussion it has been possible to demonstrate 
a heretofore unrecognized reaction of a 
reversible type between Z-cysteine and pyri- 
doxal. This reaction which is non-enzymatic, 
occurs merely on incubating together a con- 
centrated solution of cysteine and pyrido.xal. 
The>reaction is to be distinguished from that 
occurring between pyrido.xal and other amino 
acids such as glutamic acid to yield pyridoxa- 
mine. In addition to a small but variable 
amount of pyrido.xamine which does form 
during the reaction, there is an additional 
substance formed which moves more slowly 
on the chromatogram than does pyrido.xamine. 

A typical e.xperiment in which pyrido.xal and 
cysteine were allowed to react was conducted 
as follows: 179 mg of pyridoxal hydrochloride 
and- 157 mg of cysteine hydrochloride were 
dissolved in one ml of water. After standing 
overnight at J7‘’C the solution was diluted 
to 5 ml and 0.16 ml of pyridine was added to 
neutralize the acidity. The solution was then 
allowed to stand 2 days at room temperature. 
After appropriate dilution to yield solutions 
containing the nominal amount of 360 fig 
per ml and 36 fig per ml of pyridoxal hydro- 
chloride based on the original amount of 
pyrido.xal hydrochloride used, and adjustment 
to pH 5.0, 0.007 ml samples were taken for 
chromatographic analysis. The results of this 
analysis appear in Fig. 2. An examination of 
the replicate chromatograms 3 and 4 obtained 
for the more concentrated sample, reveals two 
zones of growth connected by a band of 
arowth. The lower zone is due to the faster 
moving unchanged pyrido.xal. The upper zone 
is due to a new substance which moves on 
the chromatogram at a rate less than that of 



Pic. 2. 

Results of paper cliroiuatograpluc analysis of -a 
reaction mixture of 1-cysteine and pyridoxal. 
Duplicate strips 1 and 2 represent the analyses of 
a 0.007 ml sample of a solution containing the 
cquiraient of 3G niierograins of pyridoxal hydro- 
chloride per ml. Duplicate strips 3 and 4 .ire 
those obtained for a solution containing the equiv- 
alent of 3(30 /ig per ml of pyridoxal hydrochloride. 

pyrido.xamine itself as established in a sepa- 
rate experiment. The new zone of growth 
probably represents an adduct formed from 
cysteine and pyridoxal and is either a new 
form of vitamin £« or a substance which 
readily regenerates the original pyridoxal for 
use by the microorganism. The reaction to 
yield the substance in question is evidently 
reversible. Such reversibility would explain 
the band of growth connecting the two zones 
since, as the solvent used to develop the 
chromatogram moves tlie pyrido.xal down the 
column, its removal from the original point 
of application of the sample will reverse 
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the equilibrium reaction of cysteine and pyri- 
doxal regenerating the latter; this would then 
make its appearance known by causing a tail 
of growth on the main pyridoxal zone as 
obserx'ed experimentally. 

E.xamination of the replicate chromato- 
grams 1 and 2 (Fig. 2) of the more dilute 
sample again reveals 2 zones of growth, one 
due to a new substance moving more slowly 
than pyridoxamine, and the other moving like 
pyridoxal itself. There is little trace seen of 
the band of growth connecting the zones as 
observed in analyzing the more concentrated 
sample. This result suggests the formation 
of a second more stable derivative of pyridoxal 
and cj'steine whose existence is not so readily 
disturbed by dilution and which moves at 
about the same rate as the unstable unknown 
substance whose existence was noted in the 
more concentrated sample. As a consequence, 
for the more concentrated sample only one 
composite zone is seen at the top of the 
chromatogram and may be due as indicated 
above to two substances. 

The reaction of pyridoxal and cysteine may 
take place in a manner similar to that of 
other simple aldehydes and aldoses with 
cysteine as demonstrated by Schubert.*’ Thus 
a simple adduct may form between the 
cysteine sulfhydryl group and pyridoxal. This 
reaction might be expected to be quite re- 
versible. The adduct may then cyclize to 
give a thiazolidine ring derivative of vitamin 
Bi). The latter compound would probably be 
more stable to hydrolysis than the 1st ad- 
duct mentioned. This compound might 
represent the slow moving substance observed 
on chromatographing the more dilute sample. 

The compounds formed from pyrido.xal 
and cysteine for which evidence has been 
presented above, may represent new forms of 
vitamin B,; of physiological interest hitherto 
unrecognized because of their unstable char- 
acter. 

It might have been quite difncult to demon- 
strate such a reaction between cysteine and 
pyridoxal with the usual form of micro- 
biological assay. 

Sclmbert. M., J . Ilmf . Chi iii., loail, 13;). 601. 


.A further result of practical interest is 
the finding that many preparations of syn- 
thetic nature such as pyrido.xal itself, and 
pyridoxal phosphate are impure and contain 
foreign substances which may themselves be 
active as growth substances replacing Bo. Thus 
the present technique provides a delicate test 
of purity for standard preparations of growUi 
factors used in biological and biochemical 
investigations. 

Studies are now being conducted on natural 
products using this method. These will ■ be 
reported at a later date. 

The potential usefulness of the general 
technique involving a combination of paper 
partition chromatography and microbiological 
indicators should be of value in studies on 
the differentiation of other growth factors 
such as folic acid which occur in nature in 
more than one chemically defined form. This 
consideration also prompted the present re- 
port. 

Summary. 1. A new technique of resolving 
and identifying the members of the Bo family 
of growth factors is described. It involves the 
use of paper partition chromatography coupled 
with a microbial indicator. 

2. Using this method it has been deihon- 
strated that pyridoxal undergoes a non- 
enzymatic transamination reaction even in 
the cold. Pyrido.xal also appears to react 
reversibly with other amino acids. 

3. The reaction between cysteine and pyri- 
do.xal differs from that with other amino acids 
in that one can demonstrate the formation of 
at least one adduct which moves more slowly 
on the chromatogram than does pyridoxamine. 
This reaction may produce a new form of 
vitamin B,) which may' also have a transient 
existence in nature. 

4. The technique described should prove 
of value as a means of establishing the purity 
of the various forms of vitamin By used in 
biological and biochemical studies. 

5. The general technique employing paper 
partition chromatography and microbial indi- 
cators should be of value in resolving other 
multiform vitamins into their constituent 
parts. 
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Influence of Hemorrhage and of Albumin Injections upon the Sodium 
Concentration of Human Plasma."! 

Donald H. Si-aionsen and Frank J. Kelly. (Introduced by Robert Elman.) 

From the Dcimrtmcnts of Surgery uiiiJ Medicine, Washington University Medical School and 

Barnes Uosiyilal, St. Louis, Mo. 


The purpose of this paper is to present 
data on the cliange in concentration of plasma 
sodium following phlebotomy in 4 normal 
subjects as well as on the changes in plasma 
sodium concentration after injections of salt- 
poor human albumin and/or concentrated 
plasma in several patients with malnutrition 
and hypoalbuminemia. The latter were part 
of a larger group in which other effects of 
administering salt-poor albumin and con- 
centrated plasma were studied and reported.^ 

Ulcl/tods. Control blood samples were drawn 
without stasis from the antecubital vein Avith 
the subject in the supine position. .-Ml suc- 
ceeding specimens Avere obtained from the 
opposite arm. Clotting was preA'ented by 
moistening the barret of the syringe Avith a 
small amount of a commercial heparin solu- 
tion. After thorough mixing the samples AA'ere 
transferred to hematocrit tubes 8 mm in 
diameter and centrifuged at 3,000 r.p.m. for 
40 minutes, after Avhich the supernatant 
plasma Avas carefully removed. One cc of the 
plasma thus obtained Avas diluted to 100 cc 
and thoroughly mi.xed. A Perkin-Elmer flame 
photometer was used for making the sodium 
determinations. A standard solution for cali- 
bration contained 50 parts of sodium, as 
sodium chloride, per million ( 50 mg per liter) 
in distilled AA'ater. This solution read 100 on 
the machine. Intermediate values AA>ere ob- 
tained Avith standard solutions of concentra- 
tions varying from 0 to 50 mg per liter. The 
calibration curve deviated only slightly from 
a straight line. Readings of the unknoAvn 

Tlie serum albumin used in this study Avas 
processed by the American National Kcd Cross 
from blood n-hieh it collected from volunteers, 
t Aided by a grant from the Comuionwealtli 

Fund. _ 

1 Elman, B., Kelly, F. J., and Snuonseu, D. H.. 

in in-ess. 


samples Avere recorded and corresponding 
sodium concentrations were determined from 
the curve. Frequent resettings of the aero and 
standard were made while performing each 
determination. Five readings Avere recorded 
for each sample and the average used as the 
most accurate value. The maximum range 
noted in the 5 readings ivas about 1.5 scale 
divisions, the average deviation ± 1 division, 
equivalent to approximately d: 1 milliequw- 
alent of sodium. The flame photometer deter- 
minations on 3 samples of plasma were 
checked by graA'imetric methods. Agreement 
Avithin 2 milliequiA'alents was obtained. For 
a complete discussion of use and limitations 
of the flame photometer for such purpose the 
reader is referred to the paper of Held.- 
Findiugs. Sodium concentrations, deter- 
mined in 7 normal males 23 to 49 years of age, 
at intervals of 5, 10, 15, 20, 60, 120, and 
180 minutes, showed little variation. The 
concentrations ranged from 143 to 157 
milliequivalents per liter in the several sub- 
jects. The extreme differences noted in the 
2 to 6 successive samples drawn from the 
same subject Avere only 1 to 5 milliequivalents 
per liter. The average normal value of 147 
milliequiA'alents per liter is in close agreement 
Avith the figure of 144 milliequivalents per 
liter reported by Marinis, iMuirhead, Jones 
and Hill.3 

Effect of PJdebotomy. In 4 normal young 
men the plasma sodium concentration Avas 
measured before, immediately after and at 
intervals of 1, 2, 3. and 24 hours after 
rapid removal of 500 cc of blood. The sodium 
concentration fell significantly in each in- 
stance. These data are recorded in Fig. 1. In 
one subject the plasma potassium lA’as simiil- 

= Held, P. AX., J. BM. Chem., 1947, 107, XOi). 

3 AX.Tiiiiis, T. P., AIiiirlie.Td, E. E., .Tones. F., and 
Hill, J. AI., J. Lah. and Clin. Med., 1947, 32, 1208. 
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PLASMA 
HA* MEQ. 



TIME IN HOURS 


PLASMA 
NA+ MEQ. 


PLASMA 
HA* MEQ. 



TIME IN HOURS 


PLASMA 
NA* MEO. 



Pig. 1. 

Fall in Serum Sodium Following Phlebotomy. 

The -i curves shown above represent observations on A healthy donors bled 500 ce. Note the 
constant drop in the plasma sodium concentration with its return to normal varving from 1 to 3 
or more hours. 


taneoiisly determined, but no change tvas 
noted. 

E^cct of Injection of Albumin and of 
Plasma. In 5 patients having malnutrition, 
hypoalbuminemia and edema, the plasma 
sodium concentration was measured before, 
immediately after, and at intervals of 1. 3, 
6. and 24 hours after the infusion of either 
257r salt-poor human albumin or concentrated 
plasma. 1 (Table I) Four patients were given 
7 injections of albumin; 1 patient received 
albumin on one occasion and concentrated 

t Tun ,i00 cc units of ited Cross lyophilized 
idasum were dissolved in 1 unit (."00 cc) of dis- 
tilUsl water. The sodium content was determined 
by Us to be 3.S0 g per ,'>00 cc: that of the iorj. 
albumin solution was rworded by ilje mtuiufac- 
tnrer as 0.3 g in’r 100 cc. 


plasma 2 days later; one patient received 
concentrated plasma alone. Following 5 of the 
7 albumin injections, the plasma sodium con- 
centration fell significantly, the ma.vimum 
decrease occurring immediately after infusion 
(at which time the plasma volume showed its 
maximum increase) In one case (B.P., 
Table I) in which plasma potassium concen- 
tration was simultaneously determined, no 
significant change was found. In the 2 pa- 
tients receiving concentrated plasma the 
plasma sodium content increased significantly, 
the highest value being obtained 3 hours after 
injection in both. Immediately after plasma 
infusion the plasma volume was increased 
maximally, as with albumin, and at this time 
the plasma sodium concentration had changed 
little, or not at all. ° 
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Discussion. The fall we observed in the 
plasma sodium concentration following either 
hemorrhage or the injection of 25^0 salt-poor 
human albumin solution is assumed to be a 
part of the hemodilution process and thus 
resolves itself ultimately to a discussion of 
the source of the fluid that enters the circula- 
tion following such procedures. 

In a review of the literature we have found 
but one report on the changes in serum sodium 
and potassium following hemorrhage. Stewart 
and Rourke“ reported that in 4 normal dogs 
bled 2 to 3.5% of their body weight, samples 
drawn 12 hours after the hemorrhage showed 
a fall in serum sodium, potassium and protein 
concentration, and variable concentrations of 
the chloride, carbon dioxide and non-protein 
nitrogen. These changes occurred whether 
the animals were allowed fluids by mouth or 
not. Our subjects were given neither food nor 
fluids by mouth during the first hour. They 
remained in bed until the hour samples 
had been drawn and rvere then permitted 
to be up and about, .\fter the one-hour sample 
was drawn food and fluids were permitted 
ad libitum. The data presented herein in 
normal human subjects confirm Stewart and 
Rourke’s findings in dogs. 

Ashworth, Muirhead and HilP studied the 
effect of concentrated citrated and defibrinated 
dog and human plasma on the serum sodium 
and potassium concentration of normal dogs. 
They found no change in the samples drawn 
15, 20, 60 minutes and 4 hours after injection. 
Since the plasma volume (dye method) as 
well as the e.xtracellular fluids ( thioc 3 'anate 
method) increased after infusion, without 
change in serum sodium concentration, these 
authors concluded that the fluid added to the 
circulation was derived from the intracellular 
space. We observed an increase in the serum 
sodium concentration 3 hours after the injec- 
tion of concentrated citrated plasma in 2 
patients. 

Heyl, Gibson and Janeway’’ in their study 
of the effect of concentrated solutions of 

i Ashwort)), C. T., Muirlicad, E. E., .nui Hit!, 

J. it.. Am. J. Phiisiol, 1042, 130, 194. 

SHeyl, J. T., Gibson. J. G., 2iul, nml J.anow.iy, 

C. A., J. Clin. Invest., 1943. 22, 713. 
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human and bovine serum albumin on the 
blood volume after acute blood loss in normal 
men, reported no change in the serum or 
urinary potassium concentration, but their 
albumin solutions were not salt-poor. In 5 
of the 7 patients in whom we injected salt- 
poor albumin a significant fall in plasma 
sodium occurred. In the single patient in 
whom potassium was measured, no change 
was noted. It should be emphasized that the 
fall in sodium concentration was most marked 
immediately after infusion, at which time the 
plasma volume had increased by a volume 
more than 3 times that of the fluid injected. 
The magnitude of the fall in sodium con- 
centration was much less than could be ac- 
counted for by hemodilution with a sodium- 
free solution, hence the fluids responsible 
for the dilution probably contained sodium 
but in lower concentration than in plasma. 

Because intracellular fluid is poor in sodium 
and rich in potassium, it is logical to assume 
that much of the diluting fluid must have 
come from this source, in which case one 
might expect a rise in plasma potassium. The 
latter was measured in 2 cases, but no change 


ivas found. However, renal clearance of po- 
tassium is so rapid that this discrepancy may 
not be significant. Indeed, Stewart and 
Rourke,® in the experiments cited earlier, 
found an increase in potassium output in the 
urine after hemorrhage. The red cells them- 
selves might be assumed to be the source 
of the diluting fluid, but this could be true 
only if a rapid twm-way shift of fluid w’ere 
involved, inasmuch as no change in the size 
of red cells w'as observed after the injection 
of albumin.- 

Summary. 1. Following phlebotomy in each 
of 4 normal male subjects, there was a transi- 
ent fall in the plasma sodium concentration. 

2. Following injections in 4 patients of a 
25% solution of salt-poor human albumin 
solution, a similar fall in the plasma sodium 
concentration was noted. 

3. It is concluded that sodium-poor fluid 
is added to the plasma, presumably from the 
intracellular space, following hemorrhage, as 
well as following injection of salt-poor human 
albumin. 

« Stewart, J. D., and Eourke, G. M., J. Clin. 
Invest., 193G, 13, 697. 


16360 

Environmental Conditions Which Initiate Sweating in Resting Man. 

G. E. Burch.* 

Erom the Department of Medicine, Tulane Vniversity School of Medicine and Charity Ho.spital 

of Louisiana, Mew Orleans. 


During the course of studies'’-'® on the 
influence of environmental conditions upon 
the rate of water loss from the skin of man, 

* -Vidoil by grants from the Life Insurance 
Medicnl Besoarcb Fund, n ‘W.nr Contract Xo. 
tVD 49-Oti7-MD-3S9, Uelis Institute for Mcdic.ul 
Ecseureli. and the Mrs. E. J. Cairo Fund for Be- 
senreh in Ilo.'irt Discuse. 

1 Burch, George, and IVinsor, Travis, J. Clin. 
Jiii i.'il.. 194-1. 23, 937. 

- Winsor, Tr.ivis, and Burch, George E., Jtreh. 
Ini. 1944, 74. 4’IS. 

anureh, George E., and Winsor, Travis, Jrc/i. 
hit. Jhii.. 1944. 71, 437. 


observations were made to learn the environ- 
mental temperature and relative humidity 
which would initiate sweating in normal man. 

Eleven subjects of both sexes, varying in 
ages from 12 to 59 years, were permitted to 
rest quietly on a hospital type of bed in 
an air-conditioned room. They were clothed 
only in a cotton gown. The rate of water 
loiS from the skin of the epigastrium and 
volar surface of the right forearm was deter- 
mined by a method previously described,’' 

‘ Bureli, George E., and Sodcmaii, WiUi.am A. 
Pr.oc. Soo. E-XP. Biol, axd JIed., 1944, 53, 190* ’ 
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After the subjects had rested for at least 60 
minutes under comfortable environmental 
conditions (temperature and relative humid- 
ity approximately 20.4“C and 50% respec- 
tively) the room temperature was elevated 
3°C at a time, and the relative humidity was 
changed in a variable fashion. After the sub- 
jects had been e.xposed for IS minutes to the 
new room conditions their rate of water loss 
was measured. This procedure was continued 
until an atmospheric condition was reached 
which was associated with a definite increase 
in rate of water loss. Occasionally, as a check, 
the room temperature or humidity or both 
were lowered, the rate of water loss was 
measured, the temperature or humidity or 
both were raised again, and another water 
collection was made. 

Results are summarized in Table I. Sweat- 
ing was initiated by a temperature of about 
when the relative humidity was about 
40% ; with a low relative humidity, a higher 
air temperature was required. Sweating began 
at a temperature of 39 °C, even though the 
relative humidity was as low as 9%. In one 
patient sweating ivas cyclic, i.e., it alternately 
occurred and ceased for 1 5-minute periods, 
even though the room conditions remained 
unchanged. These observations suggested that 
sweating cooled the subject sufficiently to 
abolish the need for this mechanism for a 
certain length of time. He accumulated heat, 
sweated again, cooled his body, and then 
stopped sweating. This cyclic sweating con- 
serves w'ater and electrolytes. 

Such observations indicate that environ- 
mental temperature of 34.4° C and relative 
humidity of about 50% are essentially the 
threshold level for sweating in normal man 
resting in bed. Increased exercise and rate 
of heat production are accompanied by a 
proportionate loivering of the threshold. 

When the studies were prolonged, subjects 
became restless and irritable, and “nervous” 
or “psychogenic” sweating resulted, which 
made it impossible to obsen^e the thermal 
siveating. 

Summary. Observations were made on 11 
subjects of varying ages to discover the en- 
vironmental conditions necessary to initiate 
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sweating in man. These studies, performed in 
a room designed for close control of tempera- 
ture and humidity, indicate that an environ- 
mental temperature of 34.4°C and relative 
humidity of about 50% are essentially the 


threshold level for sweating in normal man 
resting in bed. Exercise and increased rate of 
heat production are associated nith a pro- 
portionate lowering of the threshold. 
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Utilization of Glutamic Acid in the Presence of High Levels of 
Pteroylglutamic Acid. 

A. L. Feanklix, 51. Regax, D. Lewis, E. L. R. Stokstad, axd T. H. Jukes. 
From the Lerlerie Laboratories Division, American Cyanamid Company, Pearl Fiver, X.T. 


It has been recently suggested that pteroyl- 
glutamic acid (PG.A.) may function as a 
metabolic antagonist for glutamic acid.^-- The 
statement was made that “folic acid may 
competitively interfere with the nutrition of 
the spinal cord just as certain vitamin deft- 
ciencies in e.xperimental animals may be 
caused by closely related chemicals. Thia- 
mine deficiency, for e.xample, may be 
induced by the administration of pyrithiamine, 
and pantothenic acid deficiency by pantoyl- 
taurine,” It was further suggested that PG.A 
could interfere with the metabolism of the 
central nenmus system in vivo or in vitro} 
The analogy between folic acid and such 
“anti-vitamin” compounds as pyrithiamine 
appears to be inappropriate. Folic acid is a 
member of the vitamin B comple.x, and is 
itself inhibited by “anti-vitamin” compounds 
which are comparable to pyrithiamine and 

1 .tHdiiynious, .Voir EnyUind J. iled.. Editorial, 
1047. 2;{7. 713. 

- Kiibi, J. F., Bi'liling, II., .oml Pargel, B. L., 
Dhunl, I'.H.S, it. lis. 

■i Martin, G. J., Toliiuiii, L., iiiiil Moss, J., Jrcli. 
Viorlit III.. 1047, 112, 31S. 

r Fnmklia, A. L., .'^tok.stad, E. L. K., Belt, M., 
and ,7uki*s, T- II., J. Dnd. Chein., 1047, Kit), 427; 
Fronkliii, -V. L., Stokstnd, E. I., R., niid Jukos, 
T. 11., Pnoc. Soc. E.xe. Bioi,. axd Med., 1947, «o, 
3i!,s. 

'• Iluteiiin;;s, B. L., Mou'iit, J. If,, Olesvin, ,T. J,, 
.'Stokstnd, E. L. R., Bootlie. .1. 11., Wnller, C. W,, 
.\ns’“’r. It- II" t'enib, ,1., mul tiubliaRow, Y., 
/. Iltol. Clam., 1947, 170. 32;i. 


pantoyltaurine. These compounds include 
“methyl folic acid,’^'^ pteroylaspartic acid,-' 
4-amino pteroylglutamic acid,*’ certain pteri- 
dines.' a sulfonyl-substituted benzimidazole 
analogue of PG.\,® and X‘®'methyl pteroic 
acid.® 

Since representative species of bacteria 
require both folic acid and glutamic acid, it 
is obvious that folic acid does not competitive- 
ly interfere with the metabolism of glutamic 
acid by these bacteria. However, because the 
response to glutamic acid obtained with L. 
casei and S. jaccalis R is so quantitative and 
sensitive, an experiment was made to deter- 
mine whether massive amounts of PG.-I would 
slow up growth on suboptimal levels of glu- 
tamic acid. culture medium deficient in 
glutamic acid'® was used and PG.\ was added 
at levels of 0.01 yig, 1 10 /rg, to 3 series 

of tubes containing varying amounts of 
glutamic acid. The results are illustrated in 
Fig. 1- 

The growth curves indicate that increasing 
the level of PG.\ 1000-fold had no inhibitory 

0 Seegor, D. R., Smith, J. if., Jr., anil Hultquist, 
M. E., J. Am. Chem. Soc., 1947, 09, 2307. 

7 Daniel, L. J., Morris. L, C., Scott, il. L., ami 
Ilcuser, G. P., J. Dial. Chciii., 1947, 109, CS9. 

s>E(lnardis, P. C., StarUng, D., Mattocks, A. M., 
and Skijiper, II, E., Science, 194S. 107, 119, 

^ » Smith, J. M., Jr., and Coaulieh, D. B., J. J,„. 
Chem. Soc., in press. 

Dunn, JI, S., Cainieii, M. X.. Rockland, L B 
•Shankman, S., and Goldberg, S. C'., J. Biol. Chtm ’ 
1944, 155, 391. 
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micrograms glufamic acid per tube 

Fia. 1. 

Growth response of LactohacHlus casei {curve A) and Streptococcus faecalis R (curve B) 
at 72 hours to glutamic acid in tlic presence of various levels of pteroplglutamic acid (PGA). 


effect upon the utilization of glutamic acid 
by either Z. casei or 5. faecalis R. The scatter- 
ing around the experimental points was widi- 
in the anticipated limits of the assay method 
and in no case was the trend dependent upon 
the level of PGA. The experiment also demon- 
strates that neither organism is able to use 
PG.A as a substitute for glutamic acid. 

In view of the suggestion tliat PG.A inter- 
feres with the metabolism of glutamic acid 
by the central nervous system i/i vitro, further 
experimental work was done to determine the 
effect of PG.A on the utilization of glutamic 
acid by brain and kidney slices. The slices 
were suspended in Ringer-phosphate solution 
and the rate of oxygen consumption was deter- 
mined at 37° in the Warburg-Barcroft ap- 
paratus The minimum concentration of 
<Tlutamic acid (3xia<’M) which caused an 
appreciable stimulation of o.xygen consump- 


tion, was used, for this concentration would 
presumably give the most favorable condi- 
tions for observing any competitive inter- 
ference witli the utilization of this acid. 

The results are given in Table I. Q 02 
values (cu mm of o.xygen consumed per mg 
dry tissue per hour) are included for brain 
slices for both the first hour and the first 3 
hours of respiration, for the consumption of 

0. xygen was not a linear function with time. 
The results can be evaluated by e.xamining 
the values obtained for increases in Q 02 
caused by adding glutamic acid to tJie medium 
as summarized in the last 2 columns of Table 

1. When the concentrations of glutamic acid 
and PGA were equimolar there was no sig- 
nificant depression in the utilization of glu- 
tamic acid by brain or kidney slices. Had the 
PG.A interfered with the utilization of glu- 
tamic acid, the addition of PG.A should have 



GLUTAiiic Acid Metabolism and PGA 


525 


. TABLE I. 

Effect of Addition of Pteroylglutaniie Acid to tiie Aledium on Utiiizatioji of Glutaniie Acid bv Surviving 
Brain and Kidney Tissue Slices of Xoniia) Snts. 


Qoi 

Brain slices Increase in 


Exp. 

PGA cone. 

1st hr 


3-lir interval 

Kidney slices 

of glutamic acid* 

(3) 

(b) 

To 

(a) 

(b) 

(e) 

(a) 

(b) 

(c) 

Brain 

\ 

Kidney 

1 

II 

3.4 

4.G 

6.1 

1.9 

3.4 

4.7 

10.4 

12.8 

13.3 

2.8 

2.9 


3 X lO-i 31 

3.4 

5.8 

G.3 

1.9 

4.2 

5.0 

9.2 

ll.S 

12.0 

3.1 

2.8 

2 

ti 

.j.l) 

G.S 

9.G 

3.3 

5.2 

7.4 

ll.S 

19.2 

21.9 

4.1 



3 X lO-i 31 

4.4 

S.2 

9.8 

3.0 

G.l 

7.G 

11.6 

19.6 

— 

4.0 


3 

n 

■i.6 

G.O 

7.2 

2.8 

4.3 

5.4 

9.9 

12.0 

13.1 

2,6 

3.2 


3 X lQ-» 31 

3.G 

G.O 

G.S 

O O 

4.2 

5.2 

9.0 

11.6 

12.7 

3.0 

3.7 

4 

0 

5.0 

S.G 

7.3 

3.3 

6.4 

6.0 

15.0 

35.2 

18.0 

2.7 

3.0 


3 X 10-3 31 

4.4 

7.2 

7.9 

2.9 

5.3 

0.0 

12.2 

1.1.2 

14.1 

3.1 

1.9 


(a) No glutamic acid added to medium. 

(b) Medium contained 3 X 10~3 M added glutamic acid. 

(c) Medium contained 10-2 JI added glutamic acid. 

"Tiie values are calculated from the results ivitli 10-2 M glutamic acid. The values for brain slices 
were determined from the 3-liour respiration interval. 


reduced the magnitude of the Qoa increases, 
but no such reduction was observed. The 
nia.\imum PGA level which has been reported 
in the blood of human subjects is 0.8 ng per 
mP' following the intravenous administration 
of 15 mg of PG.A. In the present study levels 
as high as 1323 fig PG.A per ml of medium 
were without significant effect on glutamic 
acid metabolism. 

In another series of similar experiments, 
the animals were either made severely deficient 
in PG.-\ or fed a high level of P*G.A for a 
prolonged period. The birds on the deficient 
diet developed a severe cervical parah'sis/--^* 
and the deficient rats showed a mild cytopenia. 
The animals were sacrificed when the marked 
signs of the characteristic deficiency devel- 
oped. Control animals were fed purified 
diets^ '- containing adequate levels of PGA 
( 1 mg PG.\ per kg diet for rats and 2 mg per 
kg of diet for turkeys). Because of the non- 
linear o.xygen consumption curves obtained 

11 Ilcnko. r*. \\ ., .Vb.straets of Papers'. .IiiUTicaii 
Chi’mical .'^ooioty, llitli moeting. New York 
25 C, 19'ir. 

12 .lakes. T. It., Stokstad, E. L. It., anil Belt, M, 
J. Xiilnitoii, lOIT, JIB, 1. 

13 Itiebani.oii, L. It., Hogan, A. G., ami Komp- 
ster, U. L., J. .Viifrifioii, P.U3, ;50, 


with brain tissue the control animals were 
sacrificed simultaneously with the e.vperi- 
mental animals and the tissue slices were 
prepared from both at the same time. The 
respiration of the tissue slices was measured 
as described above, e.xcept that no PGA was 
added to the medium. No difference between 
the behavior of the tissues from the deficient 
and control animals was found (Table II). 

The effects of feeding large amounts of 
PG.\ and of PG.A deficiency in the rat on 
glutamic acid metabolism by brain and kid- 
ney tissue ill vitro were compared (Table II). 
The “high-PG.A” diets contained 100 mg 
PG.A per kg and were fed for several weeks. 
The tissues from two series of animals showed 
no significant difterences in the tests. 

Discussion. In studies with various species 
of animals PGA, like the other B-comple.x 
litamins, has been shown to be a substance 
of very low toxicity.^ Prolonged dosage of 
human subjects with 50 mg of PGA daily 
has been reported not to produce adverse 
^iptomafology.i'' Recent statements- have 


named, B. K., CumdHgljam, r. £> Suijt], 
H. B., .•mil Clark, M. C., J;m. .V. y. g ■ ’ 

mo. -18, 2S9. 

i3Rerry, L. ,1., ami Spies, T. D., KU,o,l 1940 

— < 1 . 




TABLE II. EfEfct of Glutnmic Acid on Eespiratiou Rate of Surviving Brain ami Kidney Slices from Animals Wiiicli Had Received Diets Con- 
laining Varying Levels of PGA. 
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implied that glutamic acid is important for 
the functioning of the choline acetylase system 
in the brain and that PGA might competitive- 
ly interfere with glutamic acid in nerve 
metabolism. Although earlier studies^® related 
glutamic acid to the choline acetylase system, 
reactivation of this system by glutamic acid 
has been since shown to be a non-specific 
effect, also e.\erted by various other amino 
and organic acids, especially .citric acid.^" 
In fact, recent purification of the system has 
led to the conclusion that acetate rather than 
citrate'® is responsible for the effect. That 
PGA plays a positive role in the functioning of 
the central nervous system has been shown 
by the development in young turkeys of 
generalized paralysis on PGA-deficient 
diets'-’'^ and that the paralysis disappears 
within a few hours after the injection of 
PGA.'® The present investigation indicates 
that the respiration in vitro of brain tissue 
slices in turkeys with this paralysis, was not 
grossly different from that of brain tissue 
slices from control birds. 

Summary. The utilization of glutamic acid 
by Lactobacillus easel and Streptococcus 
jaecalis R was not affected by increasing the 
pteroylglutamic acid (PGA) content of the 
culture medium a thousandfold. The respira- 
tion of rat brain slices was not inhibited by 
adding PGA to the medium at a level of 
3,\10“‘AI, more than 100 times the highest 
concentration observed in the blood of human 
subj'ects following the intravenous injectioa 
of 15 mg of PG.A. The increased respiration of 
rat brain slices produced by adding glutamic 
acid was not reduced by adding PG.A to the 
medium at concentrations of S.xlO^AI and 
3.xlO^AI. The respiration rate of brain slices 
of PGA-deficient turkeys, with or without 
added glutamic acid, was not consistently 
different from that of brain slices from con- 
trol birds which had received an adequate 

iv J^achiuausohn, D,, and John, H. M., J. Siol. 
Chem., 19J5, 158, 157. 

!• Peldhei'g, W., and Mann, T., J- Physio!., 
19-lG, , 101, 411 ; Lipton, M. A., and Barron, 

E. S. G., J. Biol. Chem., 1946, 160, 367. 

IS Kaplan, N. O., and Lipmann, F., Fed. Proc., 
1947, O, 266. 
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dietary supplement of PGA. Brain and kidney 
tissue slices from rats receiving a high dietary 
level of PGA jjjspired at the same rate as 
corresponding tissues from control rats, with 
or without added glutamic acid. 

ADDEXDUil: After tliis manuscript was sub- 
mitted, an article appeared (Grossowicz, X., J. 
Biol. Ghem., 194S, 173, 729) whicli reported that 


glutamine inhibited the growth-promoting effect 
of glutamie acid for Staphijlocuccus iinreus, and 
and tliat tliis inhibitor}' effect of glutamine could 
be overcome by pteroylglutamic acid, by gluta- 
thione, or by extra glutamic acid. These results 
apparently indicate tliat under certain circum- 
stances pteroylglutamic acid and glutamic acid 
may function interchangeably in the nutrition of 
micro-organisms. 
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Effect of Tween 80 on Certain Strains of C. diphtheriae. 

^Iartha K. Ward.* (Introduced by ^I. Frobisher, Jr.) 

From ihe Department of Dacteriologp, Johns BopVins School of Upgicne and Piihlic Health, 

Baltimore, 3fd. 


In attempts to prepare a fluid s}'nthetic 
medium for general use in diphtheriology, 
difficulty was encountered in that recently 
discovered minimus strains'--'® and a few, 
closely related, minute-colony strains, failed 
to grow in a medium suitable for most other 
strains. The synthetic medium used consists 
of amino acids, inorganic salts, carbohydrates 
and growth factors in as pure form as could 
be obtained. It has no peptone, casein or 
other constituents of variable or unknown 
composition. Details of the medium will be 
published elsewhere. 

The minimus strains have also uniformly 
failed to grow well in infusion broth. The 
granular nature of growth of the minimus 
strains in infusion broth suggested the possi- 
bility that a surface tension reducent might 
facilitate growth, following the line of thought 
suggested by Dubos ct a/.'-'-® in their studies 
01 the tubercle bacillus. .-Vccordingly, Tween 

* Natiiiicil Institute of Ilculth Pvc-doctorate 

Re.siurcb Fcllovv. 

1 KUer. (’. It., :iml Frobi.sber, M., ,Tr., .liu. J. 
ri}l!)u Mc. 194.'), -12, 179. 

c Frobislu r, M.. .Ir.. cl id., Pitoc. Soc. Kxf. IJioL. 
AND Mr.ti.. 194.'). .IS, a.'W. 

•'! Froliislier, M.. .Tr., I'ltoc. Soe. E.\i>. IlioL, .\sd 
M vii.. 194<!. <12. ;U)4. 

I imbos, K. .T.. Fitoe. .s^oc. E.xr. Biol. .\xi) Med., 
194.'). r.H, ;u5i. 

Dubos, i;. .1., I’lioc. .^oe. E.xp. Biol. .\xi> Meo.. 
t91(), <13. .li). 


80 was added aseptically from a freshly pre- 
pared, sterile, aqueous solution, in a con- 
centration of about 0.05%, to the synthetic 
medium just before inoculation. Immediate 
and striking stimulation of growth of the 
minimus-type strains was observed. Con- 
centrations of Tween up to about 0.5% have 
since been used with no apparent inhibition 
of the minimus type. No optimum or in- 
hibitory range has yet been determined. 

With other types of diphtheria bacilli, the 
results of adding Tween SO to the medium are 
somewhat variable. Some strains, particular- 
ly of the initis type, appear slightly inhibited; 
others show little or no difference in growth 
response to Tween. Gravis and gravis-like 
strains which normally grow with pellicle 
formation, lose their pellicle and grow 
diffusely throughout the medium. No types 
other than minimus are stimulated to any 
great degree, with the e.vception of a few 
mimue-colony forms sent by Dr. McLeod 
from Leeds sometime ago. These strains 
were designated by ^IcLeod as the intermedius 
t\ pe. It is of interest that the 4 strains of 
this group which Frobisher found to be 
identical with minimus type*' were more 
markedly stimulated by addition of Tween 
than were the other 6. 

Sim ilar stimu lation of growth of the mini- 

c Dul)i.s, It. .T., .iiul 

194B, 83, 499. ^ 
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mus-type strains was observed when Tween 
80 was added to tubes of heart-infusion broth. 
The difference in growth resulting from ad- 
dition of Tween 80 to this medium was not 
so striking as in the synthetic medium, since 
growth of the minimus strains is normally 
better in heart-infusion than in synthetic 
medium. Again, the results with strains of 
other types were variable. None, other than 
minimus type, was definitely stimulated, with 
the e.Kception of the minute-colony forms 
noted above. 

Plates of ^McLeod’s chocolate agar were 
prepared; half with about 0.3% Tween, and 
half without. small loopful of 24-hour 
broth culture of various types of diphtheria 
organisms was streaked on both media. Re- 
sults of this e.xperinient paralleled those 
obtained with liquid media. INfinimus 
colonies were markedly increased in size, from 
less than 0.1 mm diameter on plates without 
Tween to diameters of 2.0 to 3.0 mm on the 
plates with Tween added. Colony size of 
other types was variable, the intermedins 
strains of hIcLeod being the only ones which 
showed any significant increase in diameter 
(0.1 mm to 1.5 mm). 

It has been repeatedly obseu-ed in this 
laboratory* that at least 1 ml of 48-hour 
culture of the minimus type organisms is re- 
quired to kill guinea pigs and that even that 
dose kills irregularly; whereas, the lethal 
dose of the gravis and mitis types appro.xi- 
mates 0.2 ml or less. Though the minimus 
strains grow more sparsely than do the other 
types, after seeing the broth cultures it is a 
little difficult to accept the idea that this 
difference in lethal dose is due to numbers of 
organisms alone. Therefore, 48-hour broth 
cultures of a minimus strain, grown with 
0.05% Tween, and in the same medium with- 
out Tween, were injected intradermally into 
duplicate guinea pigs in amounts of 0.2, 0.5, 
and 1.0 ml. All animals receiving the Tween 
culture were dead within 72 hours. Autopsy 
showed typical signs of diphtheritic deaths. 
Only one pig with the culture without Tween 
died, and that was one of th e two which had 

E. I., uupub- 

Uslied data. 
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received 1.0 ml of culture. AW other e.\-peri- 
mental and control animals survived without 
evidence of disease for more than two weeks. 
This experiment had been repeated in part 
with a second minimus strain, with the same 
results. 

In alcohol-ether and acetone fractionation 
of the gravis, mitis and minimus types. 
Parsons® found that the minimus strains con- 
tained more lipid material than did graws or 
mitis strains. This suggests a relationship 
of wetting agent (Tween 80) to the lipid-rich 
minimus type, analogous to the relationship 
of the same wetting agent to the lipid-rich 
tubercle bacilli, shown to exist by Dubos et al. 
The surface tension of the synthetic medium 
was found to be relatively high. Tween 80 
reduces this surface tension markedly. That 
the surface tension of the heart-infusion 
without Tween is considerably lower than tliat 
of the synthetic medium might partially ac- 
count for the normally better growth of the 
minimus strains in heart-infusion broth. 

The role of Tween as a non-toxic source of 
oleic acid must also be considered in view 
of the work of Cohen et al.^ who found oleic 
acid to be one of two growth factors, present 
in serum and milk, essential for a gravis strain 
when very minute inocula were used on solid 
medium. No statement was made by these 
authors as to the effect of these factors in 
liquid media. 

Summary. It has been obsen'ed that the 
addition of Tween 80 to solid and liquid 
media markedly stimulates the growth of 
minimus type diphtheria bacilli. This sug- 
gests a relationship between this w'etting agent 
and the lipid-rich minimus organisms analo- 
gous to the relationship of the same agent 
to the lipid-rich tubercle bacilli, demonstrated 
by Dubos et al. There is also evidence that 
Tween 80 enhances the virulence of the 
minimus strains. 

The writer is indebted to Dr. iXartin Frobislior, 
Ir., for ids stiinul.itiiig interest and lielp and Dr. 
Elizabeth I. Parsons for lier permission to cite 
unpublished data. 

8 Parsons, E. I., unpublished data. 

8 Cohen, S., Snyder, J. C., and Jlueller, .T. H., 

J. Sact; 1041, 41, 581. 
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Hyaluronidase Content of Normal and Inflamed Guinea Pig Skin. 

R. L. Nayer, W. Kocholaty, amd D. Stanton. 

From the Scscarch Laioratorie.% Ciha Fharmaeeutical Frochicts, Inc., Summit, X.J. 


In the presence of hyaluronidase the epi- 
dermal challenge reaction in guinea pigs 
sensitized to paraphenylenediamine is marked- 
ly increased as compared to control animals 
(Mayer and Kulk). This observation sug- 
gested that hyaluronidase plays a role not 
only in the spread of invasive organisms and 
the ensuing bacterial inflammation (Duran- 
Reynals-), but also in certain non-bacterial 
inflammations of the skin. 

In order to obtain further evidence of this 
hypothesis it was desirable to determine 
whether the hyaluronidase content of the 
guinea pig skin was increased during allergic 
and non-allergic inflammations. 

Methods. Guinea pigs were sensitized to 
paraphenylenediamine in the manner de- 
scribed by one of us.® .After sensitization had 
been established, the animals were challenged 
with 10% paraphenylenediamine in petrola- 


tum applied to the left flank, and sacrificed 
24 hours later. 3x4 inch strips of skin w'ere 
removed from challenged and unchallenged 
sites. 

Physical inflammations were produced by 
aoplication of heat (water at 70° C) for 1 and 
2 minutes respectively on the shaven skin 
and by ultraviolet irradiation (Hanovia lamp, 
distance 12 inches) for various e.xposure 
periods. Skin samples were obtained from 
both inflamed and normal sites. 

Identical weights (based on dry weight) 
of inflamed and non-inflamed skin were suc- 
cessively subjected to freezing and thawing 
and then ground rvith sterile sand. The re- 
sulting tissue-brei was extracted with 10 ml 
of 0.1 M acetate buffer, pH 6.0, containing 
0.15 M XaCl, and centrifuged. The super- 
natant fluid was assaj'ed viscosimetrically ac- 
cording to the method of McClean and Hale,'^ 


TABLE I. 


Hyaluroiiid.ase content 
skin-viscosity reduction 


Treatnunt 

Guinea pig 

Xo. 

Intensity of 
iiitlainination 

units per 

g dry wt* 

/ 

Xormal skin 

Inflamed skin 

ParuiilK'uvk'Uo d’amiuc diTiuatitis 1 

4--h-i-4- 

.01.5 

.450 


•■> 

-h-h-h-h 

.043 

.1S5 


3 

-t-f-f-h 

.157 

.925 


4 

+4-f + 

.029 

.830 


a 

-l-4-+-i- 

.045 

1.110 

lloat-iiidufcd iiiilaniinatam 

1) 

+-1-+-}- 

.00 

.391 


7 


.034 

.550 

VI tra violet erythema 

S (2't) 

a- 

.040 

.0001 


9 (.V) 

-r 

.00 

.054 


10 (90') 

+ 4- 

.0120 

.034 


11 (30') 

++ 

.045 

.0 


” Tlic skin viscosity reduction unit was obtained by applyiiifj the fornmia of ilcCJcan and 
ll.alel vitli the modilic.ition of GO' being equiv.aloiit to one unit. Tlie values are c.vtrapol.'ited 
by applying Vtinio vs. viscosity. 

t .Minutes of exposure to ultraviolet. One minute equal to one guinea pig skin erythema 
dose. 


1 Mayi r. It. 1... and Kull. 1'. C., I'liOC. Soc. Exr. 
I’loi- .v.N’i) Med.. 10-47, (iU, .SOd. 

- Duran-Iteynals. E.. JSncl. Jtiv., lO-it*, 0, 107. 


■1 Mayer, R. L., Arch. f. Dtniuit. n. SijpU., 1931, 
IGtJ, l>93. 

■I .McClean, D., and Hale, C. W.. Biochem. J., 
1941, :J5. 159. 
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TIME IN MINUTES 
Graph 1. 

■\ iseos’t.v IJetJuction with Normaf and Iiifiainod >Skin from Giiiueii Pigs 
Allergic to Paraplieiiyleiiediamine. 

In. Hn, 111 ) 1 , IVn, and Vn are the viscosity reduction curves obtained from 
normal skin; li. Hi, Illi, iVj, and Vi are the viscosit 3 ' reduction curves ob- 
tained from inllalncd skin. 


using 0.4 cc of the above supernate and 0.6 ml 
of 0,417% hyaluronate (prepared from umbili- 
cal cords according to Kass and Seastone®) 
dissolved in the acetate buffer. 

Results. The results of the e.xperiments on 
1 1 animals shown in Table I indicate that the 
free hyaluronidase content in allergic or heat- 
inflamed skin is up to 40 times as high as that 
of the corresponding normal skin. 

Unlike the inflammations induced by the 
allergic challenge or by heat, the 24- 
hour ultraviolet reaction after the administra- 
tion of 2 to 60 guinea pig erythema doses 
did not result in a consistent increase of free 
hyaluronidase. No increases were observed 
in 2 skins which had been irradiated for 
2- and 30-minute periods respectively, while 
2 other skins, irradiated f or 5- an d 20-min ute 

H., and Seastone, C. T., J. Exp. 3Ied., 
1944, 70, 319. 


periods respectively showed a slight but not 
significant increase. 

Negative results were also obtained with 2 
guinea pigs sensitized to horse serum upon 
subjection to local Arthus reactions. 

Graph 1 shows the course of viscosity re- 
duction of the tests in animals presenting 
allergic inflammation (animals 1-S). 

Discussion. While hyaluronidase in bound 
form is known to e.xist in the normal skin 
(Meyer®), our e.xperiments have shown that 
normal guinea pig skin also contains ver}' 
small amounts of free hyaluronidase. During 
inflammation produced by a challenging ap- 
plication of paraphenylenediamine on sensi- 
tized skin or after treatment of the skin with 
hot water, the amounts of polysaccharide- 
depolymerizing enzymes (probably chiefly 
hyaluronidase) are markedly increased — up 


Cileypr, K. F., Phnsiol. Ei'i\, 1947, 37, 335. 
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to 40 times. 

Ultraviolet irradiation, producing definite 
erythema in guinea pigs, results in an oc- 
casional but very slight increase of these 
enzymes, contrary to the Arthus phenomenon, 
which in 2 rabbits did not result in increased 
amounts. It is noteworthy that the ultra- 
violet treatment and the Arthus phenomenon 
primarily concern the cutis, whereas the heat- 
induced inflammation and the epidermal 
allergic challenge reaction concern mainly 
the epidermal tissue. 

.Although the previous e.xperiments on the 
influence of antihistaminics upon the hyalu- 
ronidase reaction* suggest a relationship 


between skin inflammation and the liberation 
of hyaluronidase, further e.xperiments are 
necessary to determine whether hyaluronidase 
plays an active role during these inflamma- 
tions or is only a concomitant factor subse- 
quent to an inflammatory process. Another 
unsolved problem is the source of the liberated 
enzyme. 

Conckision. The content of polysaccharide- 
depolymerizing substances (probably chiefly 
hyaluronidase) during allergic dermatitis 
(paraphenylenediamine) and heat-induced 
inflammation on guinea pig skin is markedly 
increased. 
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Effect of Intravenous Cytochrome C on Capacity for Effort Without Pain 

in Angina of Effort. 

Hyman Bakst and Seymour H. Rinzler. (Introduced by Harry Gold.) 

From the Cardiovascular Fesearch Unit, Beth Israel Hospital, Xew Yorh City. 


Within the past few years, reports have 
appeared on the effect of Cytochrome C* on 
tissue ano.xia. From the clinical point of 
view, Proger and his co-workers have pre- 
sented evidence that myocardial ano.xia can 
be relieved by intravenous injection of Cyto- 
chrome C, as demonstrated by the prevention 
or reversal of the electrocardiographic changes 
induced by breathing 10% oxygen.* It is their 
contention that, under such circumstances, 
Cytochrome C enhances the uptake of oxygen 
by the myocardium. 

.Another method of testing the effect of 
a drug on myocardial anoxia is to determine 
the capacity for effort without pain in pa- 
tients who have angina pectoris brought on 
by effort. Since this method depends on a 
subjective end-point, it is necessary to use 
careful controls and a completely “blind” 
technique, as described by Gold and his co- 

' fylDclirmiU’ C used in tiiis .■itudy n;is t'liriitslied 
by IiK*.* IMiilatlcljiliia, l*;i, 

ll’rogor, S.. and Di'kaina.s, D., J. P.duil., IS-lti, 
Ml, TCy. 


workers, in order to eliminate variable psy- 
chosomatic effects.- This method has been 
used by us in an evaluation of the effect of 
intravenous aminophylline on angina of effort, 
and it proved to be a satisfactory investigative 
technique.^ 

The subjects of the study were all selected 
from the active attendance of the Cardiac 
Clinic. .All of them had either arteriosclerotic 
or hypertensive heart disease or a combination 
of both, and all presented the symptom of 
chest pain on effort. Xo patients were in- 
cluded in this study who had spontaneous 
chest pain unrelated to effort, excitement, 
heavy meals, or very cold weather. .Also 
e.xcluded were patients who showed any 
clinical evidence of congestive failure. 

The method consisted of determining the 
subject’s capacity for effort without pain by 
having him \salk back and forth over a 

Goid, II., Kwit, N. T., nud Otto, il., J. .{. if 
J., IS37, lOS, 2175. 

3B;ikst, H., Kisaiii, .If., Leihowitz, B., and 
Rinzlor, .S., Jm. Heart J., in press. 
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standard set of steps until the onset of his 
usual type of chest pain. The rate of walking 
was set by the subject himself, and in any 
subsequent tests on that same subject, he was 
kept to the same rate. Every test with Cyto- 
chrome C was coupled with a control test 
on the same day, thus eliminating the effect 
of the spontaneous variations in pain on 
different days in the same subject. Ail tests 
were preceded by a rest period of one hour, 
and were conducted in the early afternoon, 
at least 4 hours after the last meal. In a 
typical experiment, the patient came to the 
laboratory at 12:30 o’clock without having 
had an}' lunch. He rested at least one hour 
and was then given the first intravenous 
injection at a rate of one cc per minute (total 
of 5 cc per injection). This was followed 
by a 5 minute rest period, and then the first 
trial was carried out. As soon as the end- 
point was reached, the subject sat down and 
rested for anotlier hour. He was then given 
the second injection in the same manner, 
followed by a 5 minute inteiv'ai, and then the 
second trial was conducted. 

Cytochrome C was given intravenously in 
doses of 50 mg in 5 cc of solution. The 
control material used was physiological saline 
solution, and because Cytochrome C is red, 
it was necessary to prevent the patient from 
seeing what was being injected, lest he have 
a different psychological effect from a red 
medicine than from a white one. For this 


receiving a material different from the control 
solution. 

Results. There were 12 pairs of tests con- 
ducted on 8 patients. In 4 of the pairs, the 
trial with Cytochrome C preceded the control 
trial; in the remaining 8 pairs, the control 
trial was conducted first. Analysis of the 
results reveals that Cytochrome C produced 
no increase in capacity for effort without pain. 
In fact, there was a mean decrease in per- 
formance equal to 2.33 ± S.E. 1.95 trips 
following the injection of Cytochrome C, as 
compared with the results obtained with the 
control injections. E.xpressed in percentages, 
this is a decrease of 8.7 dr 1.2fo. Since the 
“t” value derived from these figures is only 
1.19, it is concluded that there is no statistical- 
ly significant difference between the results 
obtained following injection of Cytochrome 
C and the results following injection of 
physiological saline. A summary of the 
results is found in Table I. 

Disciissio)!. Cardiac pain as exemplified 
by angina of effort has been suggested to be 
due to an inadequate supply of oxygen to the 
heart to meet its demands.'^ The stimulus 
for pain is believed to be an accumulation 
of acid metabolites produced by the heart 
muscle under ischemic conditions.® The 
possibility of enhancing the tissue uptake 
of o.xygen by means of Cytochrome C in in- 
stances of myocardial anoxia is then of special 
interest in patients with angina of effort. 


reason, a cloth screen was interposed between 
the patient and the investigator giving the 
injections, and the subject’s arm was extended 
through a slit in the screen. The injections 
were all given by one person, and the observa- 
tions on capacity for effort were made by the 
other investigator, who was unaware of which 
substance had been administered. The se- 


quence of injections was varied so that in 
some instances the control test preceded the 
test with Cytochrome C, and in other instances 
the order was reversed. There was no indica- 
tion that the subjects of the study were aware 
that different materials were being injected. 
There were no consistent reactions to the 
injection of Cytochrome C which would 
enable the subjects to detect that they were 


Proger and Dekaneas showed that 50 or 60 
mg of Cytochrome C injected intravenously 
was able to revert to normal in as little time 
as two minutes an abnormal electrocardiogram 
produced by breathing a 10^ oxygen 
mixture.^ Rabinowitch, Elliott, and IMc- 
Eachern have shown that Cytochrome C in 
doses of 50 mg is taken up by tissues or 
destroyed within a matter of minutes after 
injection.® 

We can assume that the dose of 50 mg of 
Cytochrome C given intravenously is taken 

■iKorfei-, c. S., and Kesnik. W. II., 4'c/i. /«/. 
.lied., 1928, 41, 4«9. 

5 Katz, L. X., Am. Heart J., 1935, 1, 322. 

<! Rabiuowitili, R.. Eiiiof, K. A. C,, and 
ileEaeheni. D., CaiHut. M. A. J.. 191S, 58, 92. 
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TABLE I. 

Clinical Data and Kesults of Exercise Tolerance Tests. 


2Co. of trips performed 


Subject 

Sex 

Age 

Diagnosis 

1st trial 

2nd trial 

A.L. 

M 

53 

Arteriosclerosis, hypertension, en- 
larged heart, dilated aorta, ECG: 






Prolonged A-V conduction 

24 (S)* 

27 (C)j 

J.G. 

M 

63 

Arteriosclerosis, enlarged heart, 
coronary sclerosis. ECG; Ven- 
tricular premature contractions 

12 (S) 

11 (C) 

J.M. 

M 

6C 

Arteriosclerosis, myocardial fibro- 
sis, sclerotic aorta. Myocardial 
infarction in 1940. Diabetes 

11 (S) 

11(C) 




mellitus 

IS (C) 

16 (S) 

S.K. 

E 

66 

Arterioselero.sis, hypertension, en- 
larged heart, myocardial fibrosis. 
ECG: Bundle branch block 

16 (S) 

IT (C) 

S.S. 

M 

65 

Arteriosclerosis, enlarged heart, 
myocardial fibrosis, dilated aorta. 

29 (C) 

42 (S) 




ECG; Myocardial damage 

48 (S) 

49 (C) 

M.’W’. 

M 

70 

Arteriosclerosis, enlarged heart, 
dilated aorta, myocardial, fibro- 
sis. ECG: Myocardial damage, 
ilyocardial infarction, 193S 
Arteriosclerosis, hypertension, en- 

30 (S) 

11 (C) 

P.P. 

P 

08 






larged heart, myocardial fibrosis. 

22 (S) 

22 (C) 




ECG: Myocardial damage 

38 (C) 

36 (S) 

M.F. 

M 

47 

Arteriosclerosis, myocardial fibro- 
sis, aortic sclerosis. ECG: ilyo- 
eardial damage. Myocardial 

26 (S) 

22 (C) 




infarction, 1942 

39 (C) 

39 (S) 


* (S) Phrsiological saline, 
t (C) Cytochrome C. 


up or utilized by the tissues within 5 minutes, ing intravenous injections of 50 mg of Cyto- 
However, we were unable to demonstrate any chrome C as compared with placebo injections 
increase in the capacity for effort without of physiological saline solution, 
pain in patients with angina of effort follow- 
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The Delay in the Action of Digitalis Glycoside (Lanatoside C.)* 

Meyer Friedman and Rene Bine, Jr. 

From the UarotJ Sninn Institute for Cardiovascular Scsearch, Mount Zion Bospital, San 

Francisco, Calif. 


Since the studies of Clark^ were published, 
it has been believed- that after the adminis- 

* .Vidcil by grants from the Life Insurance 
Medical Research Fund and Saiidoz Clicmical 
Works, Iiie. 

I Clark, .1. J., Prac. Pay. Poc. Mai., 1012, 5, isi. 
Gold, II., Cattell, M., ModcII, W., Kurt. X. T., 
and Kramer. M. L., Proc., 1943, 2, SO. 


tration of digitalis glycosides, a latent period 
occurs before a cardiac effect is produced. 

In our previous studies however, concern- 
ing the effect of different concentrations of 
Lanatoside C upon the embryonic duck heart, 
we observed that although the above described’ 
latent period did e.xist, nevertheless, its 
duration appeared to vary inversely with the 
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TABLE I. 

Relutioiislui) Between Concentration of D'gitalis Glycoside and Time of Occurrence of “Digi- 
tnlis Effoet** in Embryonic Duck Hearts. 


Digitalis glycoside 
(mg/ec) 

Diameter 
embryonic sinus 

CMm) 

Hearts 

(No.) 

Onset : 

"digitalis effect" 
(Min.) 

.00005 

30 

15 

39 

.0001 

28 

19 

22 

.0005 

32 

18 

15 

.001 

33 

39 

7 

.002 

30 

4 

4 

.005 

30 

8 

3 

.01 

30 

7 

1 1.75 

.05 

31 

5 

0.50 

.10 

30 

10 

0.25 


concentration of glycoside in contact with 
the heart. In these same studies however 
some delay in cardiac response was observed 
even at the greatest concentration of digitalis 
glycoside employed (0.001 mg per cc). It 
seemed important then to discover the effect, 
at higher concentrations of glycoside, upon 
the described latent period. The embryonic 
duck heart lent itself admirably for the pur- 
pose because of its relative paucity of tissue 
which allowed a possible opportunity for 
changing rapidly, the milieu of the cardiac 
cells. 

Methods. The duck hearts were obtained 
as previously described^- ‘ from embryos 
having a vascular sinus of 25-35 mm in 
diameter. The temperature of the fluid 
bathing the embryonic heart, was maintained 
at 35" C which caused more rapid beating 
than observed in previous studies. Conse- 
quently the appearance of A-V block or 
missing beats also occurred earlier. Either 
of these two latter abnormalities in rhythm 
were considered indicators of a ‘‘digitalis 
effect.” Lanatoside C, varying in concentra- 
tion from 0.00005 to 0.10 mg per cc of 

3 FrieUmau, M., and BiuP, K., Jr., Pboc. Soc. 
Exp. Biol, axd JIed., I9i7, 6-1, L>'J. 

•lEriedmau, il., and Bine, K., Jr., Am. J. Med. 
Sci., 1947, 31-4, 633. 


Tyrode’s solution was employed in all e.x- 
periments. 

Results. As Table I indicates, the delay 
in “digitalis effect” varied inversely with the 
concentration of digitalis glycoside in con- 
tact with the embryonic hearts. For e.vample, 
IS hearts e.vposed to a concentration of 
0.00005 mg of Lanatoside C per cc, beat for 
an average period of 39 minutes before ex- 
hibiting A-V block. On the other hand, 
hearts e.xposed to concentrations of 0.002 mg 
per cc or higher, almost immediately e.xhibited 
the acceleration of beating previously noted® 
in hearts affected fay glycoside and e.vhibited 
A-Y block much sooner. x\s a matter of fact, 
the embryonic hearts, e.vposed to 0.10 mg of 
glycoside per cc exhibited A-V block in 15 
seconds or less. It is possible that the so- 
called latent period observed in previous 
studies may be e.xplained as delay attendant 
to the penetration of digitalis glycoside into 
the cells of the adult heart. 

Conclusion. The evidence obtained from 
the actions of Lanatoside C upon the embryon- 
ic duck heart indicated that such a heart 
exhibits a “digitalis effect” with no fixed 
latent period as described in previous studies. 
It would appear that if a sufficient quantity 
of digitalis glycoside is present, a “digitalis 
effect” may be e.xpected almost immediately. 
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Studies of Fluorocardiography in Normal Subjects. 

Felix G. Fleischxer, Francisco J. Romano, and Aldo A. Luisada. 

From the Department of iledicine and the Laboratory of Sadiology, Beth srael SospitaJ, 

Boston, Mass. 


In previous notes, the patterns of the 
tracings which can be obtained in normal 
subjects by means of fluorocardiography 
(electrokymography) have been outlined. 
The present note reports supplementary 
observations which deal with the following 
problems: the tracing of the ascending aorta, 
the tracing of the pulmonary veins, and the 
velocity of the pulse wave in the pulmonary 
circulation. Also the origin and shape of the 
pulsations of the lung parenchyma are dis- 
cussed. 

Technique. The observations were made 
by using a Sanborn apparatus for fluorocardi- 
ography (electrokymography), and a Sanborn 
Stethocardiette for phonoelectrocardiography. 
As previously reported, fluorocardiography 
records on a continuous film, moving at the 
speed of 75 mm per second, the pulsations of 
various areas of the cardiovascular silhouette 
or the opacity changes of a pulmonary field 
on x-ray. This is made possible by the use of 
the x-ray machine, a phototube, a diaphragm 
with a slit-like opening, a small fluorescent 
screen, and various stages of amplification. 
The tracing is recorded by the galvanometer 
of the Stethocardiette while a simultaneously 
recorded phonocardiogram permits exact 
timing of the fluoroscopic pulsations. 

The observations were made on 15 normal 
subjects between the ages of 16 and 30. A 
total of 10 obseu’ations of the pulmpnary 
veins, 10 obseix'ations of the ascending aorta, 
and 15 obseu’ations on velocity of the pul- 
monary arterial wave were performed. 

The ascending aorta was studied in the 10 
degree and 45 degree left oblique positions. 

t A., FlL'iseJiiior. F. G., :iiut K:ipp:i- 

•iiirt. M. 15., -liii. II tart J., 19-lS, '.Hi, 3'Ji5. 

- A. -V., Fk'ibchncr, F. G., and IJappa- 

lurl, M. 15., Jjn. Heart lUIS, tSU, 348. 

•• I.nisada, A., and Fkiscliuer. F. G., I*ROC. 
Soe. Exv. 15IOI.. AXii Mr.i)., ]‘.)48, GO, 430. 


The slit was placed first over the lowest point 
above the shadow of the right auricle showing 
an arterial pulsation, then it was moved step 
by step toward the arch. 

The pulmonary veins w'ere studied by ap- 
plying the slit transversely over an area about 
2 cm beyond the convexity of the right auricle 
in the postero-anterior position. The lung 
markings are essentially due to the shadows of 
the pulmonary vessels. The patterns of the 
arterial and venous ramifications are generally 
identical, e.xcept for the hilar regions; there- 
fore, arterial and venous shadows cannot be 
identified as such on the routine roentgeno- 
grams. The stronger arterial pulsations over- 
shadow the weaker venous pulsations; there- 
fore the hilar pulsations, visible with the 
naked eye in certain instances (hilar dance), 
and the pulsations of the pulmonary parenchy- 
ma recorded by fluorocardiography, are 
mainly arterial. However, the arrangement 
of the larger vessels in the hilar regions is 
different for the arteries and veins. It has 
been known that veins coming from the 
middle and lower lobes on the right, in their 
almost horizontal course, cross the down- \ 
ward running arteries perpendicularly and 
stand out within the bright band of the lower 
trunk bronchus; they are \Tsible sometimes 
on routine chest roentgenograms (Assman'*) 
and more often on laminograms taken at the 
appropriate depth (Chatton and Maleki^). 

Marcha^ identified these as vascular 
shadows of pulmonary veins by injecting an 
opaque medium intravenously and obsenung 
a definite time difference of its arrival at the 
hilar arteries and at these vessels. These 

4 Absniaii, H., Die Klinische lidntyendiaynQsttk 
dcr Inneren Brhranhuny'ea, atli Ed., Vogel, Berlin 
11)34. ’ 

sCliattou, P., and Makki, A., J. dc Hadiot. tt 
d’Electr., 1947, U8, 2S3. 

•:llarelia!, M., Jrch. Mat. Coeur, l94ij, ;51), 34 . 3 . 
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Fio. 1. 

Aortic tracings in a normal adult in a 10° left anterior 
obiitiue position. (A) Ascending aorta. (B) Aortic arcli. 


faint vascular shadows can be identified only 
occasionally by fluoroscopy. However, in- 
formation gained from Herrnheiser's detailed 
studies’ on the hilar shadows simplified the 
procedure. In addition to these horizontally 
crossing veins {Vena costalis of the middle 
lobe and Vena apkohorhontalis of the lower 
lobe), the Venae basalts posterior -and axillo- 
basalis posterior cross the bright cardio-hilar 
interspace obliquely, while only one artery of 
sizable caliber is found in this area. This 
being an area with predominantly venous 
vascular shadows, tracings were obtained by 
us with unexpected frequency, which pre- 
sented a distinct venous characteristic, name- 


ly a presystolic positive wave. 

To identify this venous pattern and to 
rule out incidental waves due to positional 
movements into and out of the field of observa- 
tion of arteries or other structures rte follm - 
inu test was performed. The slit was placed 

vert ciiy upon the border of the right auricle, 
vertically millimeters each, 

Jhe'S warmoved laterally across the bright 

Srdthilar interspace>efinal^^ 


taken with the slit right upon the arterial 
hilar trunk. In addition, routine tracings 
of the right auricle in the postero-anterior 
view and the left auricle in right oblique view 
ivere taken. Thus it became evident that the 
positive presystolic wave recorded in the 
•'venous field” corresponded temporally to 
the presystolic left auricular contraction; 
moreover, there was no evidence of any other 
pulsatory or positional deflections which 
might have caused this wave. 

The velocity of the pulse waves in the lesser 
circulation was studied in the following waj. 
Comparison was made of the tracings obtained 
by placing the slit first over the pulmonary 
knob, then o%fer the right hilar shadow, and 
later at the base of the right lung, or better 
at the lowest visible point above the right 
diaphragm, following the previously indicated 
technique.^ Measurements made in 50 chest 
films of adults of various sizes and habitus 
gave the following average data; (a) Distance 
between pulmonary knob and right hilar 
shadow, 8 cm. (b) Distance between right 
hilar shadow and visible base of right lung, 
11 cm. 
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Results and Comments. (1) The tracing 
of the ascending aorta presents a typical pat- 
tern which is different from that of tracings 
recorded over the aortic arch. Its features 
are as follows (Fig. 1): early systolic drop; 
rapid rise: early peak; only slight descent 
(or no descent) during the second half of 
sj’stole: small incisura; high and occasionallj’ 
prolonged wave after the incisura; this wave 
may be higher than the main wave in some 
cases. This typical tracing resembles certain 
tracings of pressure recorded bj’- Tigerstedt® 
on the carotid artery of rabbits while it differs 
from those recorded by the same author and 
by Wiggers® in dogs and also from the re- 
construction of aortic pressures by Hamilton 
and Dow.*” Intra-aortic pressure, recorded 
by ilarey** in the horse, again presents a 
more conventional profile. This indicates 
that the pattern recorded by us in normal 
human subjects is not merely caused by 
volume changes (parallel to pressure changes) 
but is also markedly affected by motions of 
the heart and vessels. The lowering of the 
aortic root by ventricular systole and the 
medial displacement of the ascending aorta 
by rotation of the heart in the same phase 
apparently reduce the height of the aortic 
wave. This is confirmed by the initial drop 
of the tracing. Opposite movements, taking 
place in diastole, add their effect to that of 
the dicrotic wave and create a high wave on 
the tracing. The proximity of the ascending 
aorta to the left ventricle maj' contribute to 
the fact that in some subjects the profile of 
the aortic pulse during sj'stole greatly re- 
sembles a tracing of intraventricular pressure. 

(2) Tracing of the Pulmonary Veins. Trac- 
ings recorded in the right intercardio-hilar 
space as suggested by Marchal® and discussed 
above show close relation to those of the 
auricles. They reveal a presyslolic positive 

S Tigorstiilt, K.. llic Phtjaiolariic des Krci.i- 
(tiufis. glut Ell.. IloGruytor. Berlin, 192g, :J, p. glS. 

a Wiggers. C. J., ilojcrn Aspects of the Circa- 
tiiliini in Ititdlh mid Disease, Le.i -.mil Febiger. 
I’hiln.. loe:!. 

11> Ilnmilton, \V. F., and Bow, P., .li„. j. 
phpsiid., 1939, lg5, IS. 

u Marey. E. .1,, La Methodc Graphiijuc daius Jes 
Si-i.-nees Dsiurimciilales. ^ta^•,on, Paris, 1SS5. 



Fig. 2. 

Tracing o’f'the pulmonary veins in postero- 
.anterior position (A) compared with that of the 
left auricle in left oblique (B). Xonnal subject. 
The prcsystolic drop of the auricular tracing is 
matched by a prcsystolic rise in the venous tracing. 

wave (increased volume) synchronous with 
the negative wave (contraction or decreased 
volume) of the left auricular tracing. Such 
unequivocal records were not obtained in 
every single case, apparently because of 
anatomical variability and resulting technical 
difficulty in placing the slit at tlie right spot. 

(3) Velocity oj the pulse wave in the 
pulmonary circulation. While e.vamples of 
the tracings are given in Fig. 3, the average 
data obtained in 10 subjects are summarized 
in the following table. This also gives the 
maximum and minimum variations and the 
range of physiological variations on the basis 
of S cases out of 10, disregarding exceptional 
variations. 

For greater accuracy, the distances between 
1st sound and foot of the pulse waves were 
measured by using the beginning of the 1st 
sound vibrations but not that vibration which 
marks the opening of the semilunar valves.*- 
This gives a prolongation of the absolute 
individual temporal relationship of about 0.05 
seconds . However, it fails to change the 

1- IJappaport, M. B., and .Sprague, H. B. Am 
Heart J., 1912, SB, 591. 
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Fig. 3. 

Traciug of tlio pulmonary knob (A), of the right 
hilar shadow (B), and of the visible base of the 
right lung (C) in a norinal subject. Postero- 
auterior position. 


relative intervals because all figures are 
obtained in the same way. As indicated in 
the table, the average times of arrival of the 


pulse waves are 0.08 sec. for the pulmonary 
knob, 0.12 sec. for the right hilus, and 0.16 
sec. for the visible base of the right lung. 
Using the average figures of 8 and 11 cm 
indicated above, we obtain a velocity of the 
pulse waves which is 2 meters per second be- 
tween pulmonary knob and right hilus and 
2 75 meters per second between right hilus and 
visible base of the right lung. These speeds 
should be compared with the known speeds 
of the pulse waves in the greater circulation. 
These vary between 5 and 9 meters per second 
in normal subjects and are greater in the 
peripheral vessels (7.5) than m the aorta 


(4.5). 13.11 

Therefore, while the speed of the pulse in 
the lesser circulation is lower than in the 
greater, being roughly one third of the latter, 
the pulse increases its speed in the small, less 
e.xtensible arterioles both in the lesser and in 
the greater circulation. The low'er velocity 
of the pulse wave in the pulmonary circula- 
tion is caused by the lower pressure and by 
the greater e.xtensibility of the vessels. This 
fact had been demonstrated in experimental 
animals and appears now confirmed for man. 

(4) Shape and cause of the pulmomry 
wave. The peak and the shape of the pulsa- 
tory wave of the lung have been the object 
of special attention. The peak has a less fixed 
position in the tracing of the pulmonary 
parenchyma than in that of the hilus. In 
spite of that, it is easy to see that the peak 
in the pulmonary tracing is nearer to the foot 
than in the hilar tracing; it is followed by 
a more rapid descent; it often follows closely 
that small vibration of the 2nd sound which 
marks the opening of the mitral valve.^3 Por 
these reasons, we came to the conclusion that 
the tracing of the pulmonary parenchyma is 
similar to a plethysmogram and is modified 
by both arterial and venous changes in the 
blood content of the lung. The rise and the 
ascending part of the wave are of arterial 
origin, as shown by the respective time re- 
lationships that they have with similar waves 
of the hilar tracing and of the tracing of the 
pulmonary knob. On the contrary, the de- 
scending branch of the wave reflects mainly 
changes in venous tracing. It is possible that 
occasionally some venous component is present 
in the hilar tracing too but this is less likely 
for anatomical reasons and because usually 
much less amplification is required for record- 
ing that tracing. Therefore, possible venous 
components are minimized by the technique 
used. 

13 Bazctt, H. C., aud Dreycr, N. B., Jiii. J. 
Phi/sht.y 1922, G3, 94. 

irWiggers, C. .1.. Ann. Ini. Mel., 1932, 6. 12: 
Am. Heart J., 1938. TC, 51.3. 

13 Ilainiltoii, W. F., Circulation Tlirougii Special 
Regions, in Howell’s Te.rthooli of Physiology 
edited By J. F. Fulton, W. B. S.auiiders, Pliila., 
194G. 
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TABLE T. 


Velocity and Duration of Pulmonie Arterial ^Yavcs■ 



Avg distance from 
1st sound to foot 
of i)ulse wave 

Distance between 
foot and peak of 
the same wave 

Transmission time 

Speed of the wave 

Pulmonary knob 

0.08 sec. 

± 25% 

M.\- 0.10 

Mn = 0.05 

0.14 sec. 



Eight hilar shadow 

0.12 sec. 

± -■25% 

Mx = 0.15 

Mn = 0.09 

0.24 ” 

Pulm. knob to rt. 
hilus 

0.04 sec. 

2 M/see. 

Right lung (visible 
base) 

0.16 see. 
zh 25% 

Mx = 0.22 

Mn = 0.19 

0.23 ” 

Et. hilus to visible 
base of rt. lung 
0.04 see. 

2.75 M/sec. 


Summary. A study of 15 normal subjects 
has been performed by using fluorocardiog- 
raphy, a method which permits recording 
on a continuous film of the pulsations of 
various cardiovascular structures revealed by 
the x-ray. (a) The tracing of the ascending 
aorta presents a typical pattern which partly 
is due to transmission of intraventricular 
pressure and partly to motions of the aortic 
root connected with ventricular systole and 
diastole, (b) It is possible to record in 
certain cases a tracing of the pulmonary veins. 
Its most typical feature is a positive wave 


during presystole, (c) The velocity of the 
pulse wave in the lesser circulation is much 
lower than in the greater circulation. It is 
more rapid in the smaller branches than in the 
stems of the pulmonary artery. Average 
figures are given, (d) The tracing of the 
pulmonary parenchyma is the equivalent of 
a plethysmogram. While the rise and the 
ascending branch of the wave are of arterial 
pulmonary origin, the peak and the descending 
branch of the wave are probably of venous 
pulmonary origin. 
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Bacillomycin: An Antibiotic from Bacillus subtilis Active against 

Pathogenic Fungi.* 

M. Tandy, 1 G. H. Warren, S. B. Rosenman. and L. G. Colio. 


From Wyeth Institute of Apylicd 

Since the discovery of subtilin by Jansen 
and Hirschmann,' 3 additional antibiotics 
i.e., bacitracin, bacilliii, and eumycin have 

* Tlio autliors wLsli to e.\pross tliuir indebtedness 
to Dr. E. G. Snyder nnd It. tV. tVldtley for jmri- 
lieution :ind elieniienl studies; nnd to Jliss Oi.nr- 
totte Campbell, Army Medical Department 
Iteseareh and Graduate SeliO(d, for tlie systemic 
fiiDKi .speetrum. 

t Present addre.ss: Army Medical Department 
Uesearcli and Graduate Scliool, M'asliiugton, D.C. 


Biochemistry, Phitadclphia, Pa. 

been described as products of strains of 
Bacillus subtilis (for an excellent, compre- 
hensive review see Benedict and Langlykke-). 
With the exception of eumycin, the anti- 
biotics possess incidental antifungal properties 
in association with a more specific anti- 
bacterial action. 

I .lanscu, E. E., and Ilirsclimaiin, D. J., Arch. 
Biachem., 10-td, 4, 297. 

■a Benedict, It. G., and Langlykke, A. E., Ann. 
Itcc. ilicrohiol., 1947, 1, 193. 
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In the course of a program designed to find 
antibiotics active against Tontla histolytica 
infections, there was isolated from a contami- 
nated Actinomyces griseiis culture a strain of 
Bacillus subtilis which possessed negligible 
antibacterial activity and striking fungistatic 
properties. Although concentrates of this 
antibiotic and eiimycin^’* showed a spectrum 
similar in many respects, the limited available 
data on the chemistry of enmycin as well as 
its specific action on Corynebacteriuiii dipk- 
theriae and acidfast bacilli appeared to dif- 
ferentiate it from our antibiotic and warranted 
further study. The antibiotic substance has 
been designated bacillomycin. 

Bacillomycin occurs in the cell-free fer- 
mentation liquor after cultivation of the 
organism for 2 to 3 days in shake culture or 
5 to 6 days in surface culture at 24-28°C in 
a synthetic medium composed of 20 g glucose, 

5 g 1-glutamic acid, 0.5 g MgS04, 0.5 g KCl, 

1 g KH2PO4, 0.15 mg FEo(S 04)3‘6H20, 5.0 
mg ^InS04'H20, 0.16 mg CuS04'5H20 and 
1000 ml distilled water; final pH is 6.0. 
Maximal yields of the product are obtained 
with a rise in pH of the medium to 7.0-7.6. 

Crude filtrates are assayed against a 
standardized spore suspension of Trichophyton 
mentagrophytes by the agar cup method on 
Sabouraud’s maltose agar. Standard solu- 
tions and e.xperimental samples are tested 
in duplicate on each plate and the latter in- 
cubated at 30°C for 72 hours. The unit of 
activity is equivalent to the zone produced 
by 0.1 mg of a standard preparation of 
bacillomycin. This represents a zone of 20 
to 25 mm. 

The antifungal activity of partially purified 
bacillomycin was measured by the agar plate- 
dilution method. The results are reported 
in terms of the smallest amount of the anti- 
biotic in a constant volume of test medium 
(10 ml) which will give complete inhibition 
of the test organism. Incubation of the tests 

ajolmson, E. .V., niid Bunion, K. L., J. Uact., 
1940, ol, 391. 

1 Bunion, 1C. L., and Johnson, E. A.. Conference 
on .Vntibiotic Research, Antibiotics Study Sect., 
Nat. Inst. Health, 1947. 


(with one exception) was at 30°C for 15-17 
days. A summary of the inhibition e.xperi- 
ments on a spectrum of pathogenic fungi is 
compiled in Table I. 

Bacillomycin is precipitated from the broth 
by acidifying to pH 2.5 with hydrochloric acid 
solution. The precipitate is extracted with 
ethanol, tvashed with ether and dried in 
vacuo over phosphorus pentoxide. (The ether 
step assumes importance in the extraction 
since an additional antibiotic elaborated by 
the organism and active against gram positive 
bacteria is also precipitated at pH 2.5. How- 
ever, whereas the antifungal product is large- 
ly ether insoluble, the antibacterial activity 
is soluble.) The activity averages 5 units/mg 
and the yield is approximately 0.3 g/liter 
broth with a 35 to 50 % recovery. 

Bacillomycin is soluble in methanol, ethanol, 
n-butanol and acetone. It is precipitated by 
concentrated neutral ammonium sulfate solu- 
tion. The active substance is readily adsorbed 
on activated charcoal but is difficult to elute. 
The antibiotic will not dialyze through cello- 
phane membranes. 

Bacillomycin is not destroyed by trj-psin 
or pepsin. The product is stable in dried 
form. Samples stored at room temperature 
have retained their activity for months. 
Solutions adjusted in pH to include acid 
(3.0) neutral and alkaline (9.0), may be 
autoclaved (120°C-20 minutes) ivith no ap- 
preciable loss of activity. 

Summary. A strain of Bacillus subtilis has 
been isolated which elaborates a previously 
undescribed antibiotic “Bacillomycin.” This 
antibiotic possesses striking antifungal ac- 
tivity and almost complete lack of anti- 
bacterial action. The fungus spectrum of 
“Bacillomj-cin” includes practically all of 
the important dermatophytes and systemic 
fungi. satisfactory bioassay employing 
the agar cup plate technic and a spore sus- 
pension of Trichophyton mentagrophytes is 
described. Some phj'sical and chemical 
properties of the antibiotic are given together 
with a simple procedure for its concentration 
from culture broths. 
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'Renal Tubular Secretion of Potassium in the Normal Dog.** 

Robert W. Berliner and Thomas J. Kennedy, Jr. 

(Introduced by Alexander B. Gutman.) 

With the technical assistance of Helen Kalinsk}'. 

Ffoin ihc Itescurch ScrvicOj First Divisiottf Goldwater Jfetttoriai IZospitulf Few York City, ami 
the Feiiartmcnt of 3Ieiiicine, College of Physicians anti Surgeons, Columbia University 


During the administration of salyrgan* 
(sodium salt of mercury salicyl-allylamide- 
ortho-acetate) to dogs, it was observed that 
the rate of potassium e.xcretion frequently 
became constant and remained at a fixed 
level despite marked changes in the calculated 
rate of potassium filtration at the glomerulus. 
A constant e.xcretory rate dissociated from 
filtered load is strongly suggestive of a 
tubular secretory mechanism. Such a mech- 
anism for the addition of potassium to the 
tubular urine has, in fact, been demonstrated 
in the dog by e.xperiments to be described. 

Material and Methods. Experiments were 
performed on 4 trained, unanesthetized female 
dogs. To obtain stable plasma creatinine and 
inulin concentrations and to assure constant 
rates of potassium intake, solutions were ad- 
ministered by continuous infusion. Urine and 
heparinized venous blood samples! were col- 
lected by the usual techniques for the deter- 
mination of clearances. 

The plasma creatinine clearance was used 
as a measure of glomerular filtration rate. 
The equivalence of the creatinine clearance 
and filtration rate in the doH is generally 
accepted. In 2 e.xperiments inulin clearances 
were simultaneously determined to check on 
the validity of the creatinine clearance as a 

* Tlie work described in tliis paper was sup- 
ported in part by grauts provided by the Nafioiia) 
Institute of Health (U'.S.P.H.-S.) and from the 
Josi.aU JIacy, Jr., Foundation. 

t The salyrg.'in used in this study was supplied 
bv the medical rese.are!i department of Wiiithro])- 
Stearns, lue. 

t Arterial blood samples were simultaneously 
obtained in several instances. The eoneentration 
of potassium iu arterial plasma d'.d not differ 
measurably from that iu venous plasma durmg the 
infusion of KCi. 


measure of filtration rate under the circum- 
stances of these experiments. 

Creatinine was determined in tungstic acid 
filtrates of plasma and in diluted urine by a 
modification of the Folin method.^ Inulin was 
determined by a modification of Harrison’s 
method.- Both plasma and urine were treated 
with yeast before precipitation with zinc.- 
Potassium and sodium in plasma and urine 
were determined with an internal standard 
flame photometer,® after addition of a stand- 
ard amount of lithium to each specimen and 
dilution. The error of the method in our 
hands does not e.xceed 1% in tlie recovery 
of added amounts. The presence of protein 
in diluted plasma samples did not interfere 
with the determination since ashed speci- 
mens gave results identical ivith those obtained 
by simple dilution. The addition of amounts 
of sodium greater than those present in 
plasma samples was found not to affect potas- 
sium determinations. 

Results. An experiment showing the effect 
of salyrgan on potassium e.xcretion is sum- 
marized in Table I. Soon after the adminis- 
tration of salyrgan the rate of excretion of 
potassium reached a value of about 45 geq/ 
min and remained at this level for a period 
of more than 2 hours despite a fall of Mfo 
in the filtered potassium and during marked 
changes in urine flow and sodium e.xcretion. 
Similar results were obtained in each of 3 
other dogs. A slight rise in potassium excre- 
tion with time was sometimes observed in 

1 Slmiuioii, J. A., and Fisber, S., Am. J. Physiol., 
ms, 122, 765. 

2 Harrison, H. A., Phoc. Soc. Exp. Eroa. .(ND 
Med., 1942, 49, 111. 

3 Berry, J. W. Cliappeil, D. G., and Barnes, 

R. B., /«£?. S/ig. Chem., Anal. Ed, lOiS, 17, 605. 
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these experiments. The rate of potassium ex- 
cretion after salyrgan was nearly constant in 
each experiment but varied from dog to dog, 
45 fteq/min being the lowest rate observed 
while 150 /leq/min was the highest. Salyrgan 
did not always effect an increase in potassium 
excretion. When potassium excretion was 
initially increased by administration of KCl, 
salyrgan produced a decrease in the excretion 
rate. 

The most direct evidence for a secretory 
mechanism for potassium would be the demon- 
stration of more potassium in the urine than 
could be accounted for by glomerular filtra- 
tion. Since the amount secreted would prob- 
ably be small in relation to the amount which 
might be filtered, it was to be e.xpected that 
some difficulty would be encountered in 
demonstrating a secretory mechanism. How- 
ever, in each of the 4 dogs it has been possible 
to obtain at least one e,xperiment in which 
the excreted potassium exceeded that filtered. 
Only in the dog with the largest potassium 
excretion after salyrgan was this achieved in 
the first attempt. In the other dogs several 
preliminary experiments were sometimes nec- 
essary to determine the optimum infusion 
rate for demonstration of this phenomenon. 
Achievement of the necessary conditions 
seemed to be facilitated by the preliminary 
oral administration of KCP for a week before 
the e.xperiment and by the administration of 
the KCl during experiments in hypertonic 
solution and at a moderate rate. One such 
e-xperiment is shown in Table II. In this 
e.xperiment, within 40 minutes of the time 
that the infusion rate was increased to 0.67 
meq/min, the e.xcreted potassium e.xceeded 
that ‘‘filtered” by 25% and ratios of e.xcreted 
to “filtered” varied between 1.15 and 1.33 
in 9 successive clearance periods. Inulin 
clearances were determined in 2 similar 
e.xperiments, one of which is shown in Table 
III. In both e.xperiments the inulin clearances 
corresponded closely with simultaneously 
determined creatinine clearances. In the 2 
other dogs, ratios of e.xcreted to ‘‘filtered” 
potassium greater than one were obtained 

4 TIi.-itctier, J. S., .an<I Radike, A. W., Am. 
P/iysiot., 1917, lot, 13S. 
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in 22 clearance periods in 3 experiments; 
the ratios reached at least 1.15 in each dog. 
It is worthy of note that after preparation 
with oral KCl high rates of potassium e.xcre- 
tion were attained with only minimal eleva- 
tion of the plasma potassium concentration 
(Table III). 

Discussion. The excess of e.xcreted potas- 
sium over filtered load was well beyond the 
limits of ex'perimental error. There is no 
reason to believe that the filtration rate 
actually exceeded the creatinine clearance, 
especially since the inulin and creatinine 
clearances were the same. 

It should be noted that the amount of 
potassium filtered has been calculated simply 
as the product of creatinine clearance and 
plasma potassium. Correction of the filtered 
potassium for the Donnan equilibrium would 
lower the filtered load by about 5% and 
increase the e.xcess of excreted potassium 
observed in these experiments. 

The data obtained constitute evidence for 
the existence of a mechanism for the addition 

^ IJoetors Mudge, Foulks, aud Gilmaii.> inform 
us tliat tUoy have similarly coneluded that potas- 
sium is secreted by the renal tubules on the basis 
of observations during forced osmotic diuresis. 


of potassium to the tubular urine.? The co- 
existence of tubular mechanisms for both 
reabsorption and secretion of a single sub- 
stance has not previously been demonstrated. 
Tubular secretion of a number of substances 
generally considered to undergo only filtra- 
tion and reabsorption, including potassium, 
has been suggested by Barclay, Cooke and 
Kenne}',® but the evidence on which this con- 
clusion is based is not presented in the pub- 
lished abstract. 

Summary and Conclusions. A constant rate 
of potassium e.xcretion, dissociated from fil- 
tered load, occurring after salyrgan adminis- 
tration suggested a tubular secretory mech- 
anism located, presumably, in the distal 
tubule. The presence of such a mechanism 
has been demonstrated by the intravenous 
administration of hypertonic KCl solutions 
which yielded rates of potassium excretion 
considerably above the rates of filtration of 
potassium at the glomerulus. 

5 Mudge, G. H., Foulks,. J. G., aud Gilman, A., 
personal communication. 

0 Barcl.ay, J. A., Cooke, tV. T., and Kenney, 
R. A., XVII Internat. Physiol. Congress, Ab- 
jtr.acts of Communications, 1947, p. 5S. 
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The potassium (K) excreted in the urine 
under normal circumstances can be accounted 
for by the tubular rejection of approximately 
10'>c of the calculated filtered K. This has 
been accepted as evidence that K is e.xcreted 
by the process of filtration and incomplete 
reabsorplion. The possibility of tubular se- 

* Tliia atuily has been hupported by grant from 
tho United States I*ub)io Health Service, 
t National Ke^oarch Council Fellow. 


cretion has been suggested by isolated ob- 
servations. AIcCance and Widdowson^ report- 
ed a case of alkalosis and dehydration with a 
low filtration rate and a K clearance greater 
than the inulin clearance. Keith, King and 
Osterberg- noted similar K : Inulin clearance 

iMeCanee, K. A., and \Viddow.-,on, E. Jt. 
Lancet, 1937, H, 247. ’ 

a Keith, X. M., King, U. E., .and OMvrbvrg, 
A. E., Arch. Int. Med., 1943, 71, 673. 
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ratios in normal subjects receiving KCl, but 
gave no experimental data and did not 
mention possible K secretion in subsequent 
reports.-'* Barclay, Cooke and Kenney' stated 
that K, urea and phosphorus were e.\creted 
by the triple process of filtration, reabsorp- 
tion and secretion, but gave no e.vperimental 
results. Winkler and Smith** observed a ma.xi- 
mum excretion of 35% of filtered K in dogs, 
but noted no evidence of tubular secretion. 
This preliminary report is submitted because 
in e.xperiments on dogs we have repeatedly 
observed K clearances greater than the simul- 
taneously determined filtration rates. In stud- 
ies on trained dogs infused with KCl, Berliner 
and Kennedy" have also independently ob- 
served K excretion in excess of the calculated 
amount filtered. 

Methods, ilongrel dogs were studied under 
light pentobarbital anesthesia. Conventional 
clearance techniques and analytical procedures 
were employed. Creatinine or thiosulfate 
clearances were used as a measure of the 
glomerular filtration rate. K was determined 
by an improved type internal standard flame 
photometer with an accuracy of ± 1%. 
K clearances were calculated without correc- 
tion for the Donnan equilibrium or protein 
binding. 

Results. In studies on the electrolyte excre- 
tion associated with urea diuresis, K clear- 
ances increased from 5-10% of the cre- 
atinine clearance at normal rates of urine 
flow to 80-90% of the creatinine clearance 
during marked diuresis with minute urine 
volumes of 18 to 35 cc and at creatinine 
U/P ratios of approximately 2. .'\t lower 
creatinine U/P ratios the Cic/Ccr ratio ex- 
ceeded 1 by as much as 0.36 without the 
administration of exogenous K. Under these 
circumstances the urea clearance/creatinine 


3 Keith, K. M., mid Osterberg, A. E., J. Clin, 
vest., 1917, 20, 773. 

I Barclay, J. Cooke, W. T., .iwl Kenney, 
A. WIT InicyHat, Physiol. Congress, 1947, 

\stTacts, p.ige 5S. „ v- , 

5 Winkler. A. W., .md Smith, P. K., Am. J. 

ysioh, 1912, 138, 91. , ^ 

3 Berliner. E. W., and Kennedy, J. P., personal 

ninunicntiou. 
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TABLE II 


Effect of NaHCOs on the Benal Clearance of Potassium and Thiosulfate. 


Elapsed time, 
min. 

Urine vol., 
ec/min. 

Serum K, 
niEq/L 

Urine pH 

Clearance 

SoO;, 

ec/min. 

Clear.ince IC 
. ce/min. 

Ok 

OsaO.i 

—143 

Start of constant infusion 

.375 inEq KCl/min., maintained during entire experiment. 

0-20 

3.8 

7.3 

5.6 

56.8 

07.5 

1.19 

40-60 

1.8 

G.9 

5.6 

55.7 

53.4 

.96 

80-100 

2.0 

5.8 

5.4 

52.7 

49.4 

.94 

120-140 

2.6 

6.3 

5.6 

51.2 

4G.8 

.92 

150-170 

3.1 

6.7 

5.6 

53.1 

47.7 

.90 


I.v. infusion of 

200 niEn NaHCO^ in 1 L. in 

35 min. 



210-230 

15.7 

5.0 

7.8 

54.0 

G5.8 

1 22 

235-253 

8.5 

4.7 

7.8 

52.6 

67.3 

1.28 

2G0-280 

G.G 

4.7 

8.1 

55.5 

G0.3 

1.09 


clearance ratios averaged .83 and never ex- 
ceeded 1.0. In the sample protocol (Table I) 
both K and urea were infused and due to 
ECG changes the K infusion rate was not 
constant and therefore “spot" U/P ratios 
were taken. 

Because of the elevation of urine pH oc- 
curring during marked urea diuresis and be- 
cause of the observation of Harrow'^ that 
alkalosis is associated with K depletion when 
renal function is normal, the effect of alkalosis 
was studied in dogs receiving KCl by intra- 
venous infusion. Under these conditions K 
clearances greater than filtration rates were 
also demonstrated (Table II). 

Cu/Ccr ratios above 1 were observed in 
7 different dogs with filtration rates varying 
from 23 to 75 cc per minute. K e.xcretion in 
excess of filtration was not observed in every 
e.xperiment. Factors which favored Cx/Ccr 
ratios greater than 1 were: (1) a moderate, 
rather than marked elevation of serum K 
when KCl was infused, (2) a decline in filtra- 
tion rate which usually accompanied extreme 
urea diuresis, and (3) the duration of the 


KCl infusion. The first two factors would 
help reveal a secretory mechanism in the 
face of partial reabsorption of K. The third 
may represent a physiological adjustment. 

Discussion and Conclusions. K clearances 
in e.x'cess of creatinine or thiosulfate clear- 
ances, under the conditions of these e.N’peri- 
ments, are interpreted as evidence that all 
of the K e.xcreted in the urine cannot be 
accounted for by the filtration-reabsorption 
theory alone, but that tubular secretion of K 
also occurs. In the e.xperiments on urea 
diuresis, urea clearances never exceeded cre- 
atinine clearances, and the ratios agreed with 
the observations of Shannon.® It is a reason- 
able hypothesis that during urea diuresis the 
secretion of K becomes apparent because its 
normal tubular reabsorption is hindered. The 
present data are insufficient to define the 
mechanisms involved in the secretory process 
or to demonstrate the relative magnitude of 
the processes of filtration, reabsorption and 
secretion in the renal e.xcretion of K. Further 
work is in progress. 

s. Shannon, J. A., Am. J. PhyxioL, 193S, 122, 7S'’ 


iDarrow, D. C.. J. Clin, luvesl., 1940, 23, 324. 
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Differences in Sera of Human Subjects with Respect to Heteroagglutinins 

for Mouse Erythrocytes.* 

Irvin Cohen, George Winokur, William J. Kuhns, and Frank H. J. Figge. 
From the Department of Anatomy, University of Marylanil, School of Medicine, Daltimorc, Md. 


In attempting to demonstrate and induce 
agglutinins in the blood of 9 types of hybrid 
mice and in mice of 5 strains inbred for many 
generations, suspensions of mouse erythrocytes 
in human sera were routinely used as control 
material.^ It was thus noticed that mouse 
erythrocytes were agglutinated by the sera 
obtained from human subj'ects of all 4 blood 
groups. There seemed to be no special 
affinity of the erythrocytes of mice for sera 
of any one type as such. It was apparent, 
however, that not all the samples of sera from 
human subjects possessed the property of ag- 
glutinating mouse erythrocytes. The negative 
reactions were heterospecific with respect to 
the blood groups in human subjects. The 
most obvious conclusion, therefore, was that 
there e.\isted an antigen in mouse erythrocytes, 
the serological analog of which was present in 
most, but not all, human sera. Subsequent 
e.xperiments showed that this serological com- 
ponent was specifically adsorbed by hemo- 
logous antigen. For the sake of convenience, 
“Mo agglutinin” will henceforth be used to 
designate this component of human serum. 

Gorer--'’ demonstrated that isoagglutinins 
were present in the sera ,of mice in which 
tumors had recently regressed. This work 
was independently duplicated by Lumsden® 
who induced isoagglutinins in rats by means 
of normal or malignant nucleated cells. Both 
Gorer’ and Lumsden® concluded that the 
natural resistance of a rat or a mouse to a 
tumor transplantation is directly proportional 


* This work was aided by grants from tlie Anna 
Fuller Fund and the Douner Foundation. 

1 Figge, F. H. J., Cohen, L., and Winokur, G., 
submitted for publication. 

2 Gorer, P. A., J- Gen., 1936, 32, 17. 

3 Gorer, P. A., Brit. J. Exp. Bath., 1936, 17, 42. 

4 Gorer, P. A., Brit. J. Exp. Path., 1937, 18, 31. 

5 Gorer, P. A., J. Path, and Bact., 1937, 44, 691. 
OLumsden, T., Am. J. Cancer, 1938, 33, 39o. 


to the capacity of the animal to produce 
agglutinins. 

In this paper we have been concerned ivith 
an agglutinin for mouse erythrocytes which 
occurs in most human sera and which is 
similar to or identical with that developing 
in mouse sera when transplanted tumors re- 
gress. While this is probably not related to 
the factors that govern susceptibility to 
cancer in the human subject, it is of interest 
that it was not present in approximately Hfo 
of human subjects. It is the purpose of the 
present paper to present the work on the 
attempts to determine the appro.ximate inci- 
dence and data on the adsorption and specifi- 
city of the Mo agglutinin in human sera. 

Method and Materials. In these experi- 
ments, micet of the following inbred strains 
were employed: C3H, C57 black, I, and 
JK. The followdng types of hybrid mice of 
Fi and F2 generations W'ere also used: 
Csv-xCsH, C3HXC57, CsHx-A, CjtxCB.AN, 
CjtCB.Ms^.xA, C 57-XA, AxCBAN, AxCgiCB.AN. 
In general, the technique used was similar 
to those described by Gorer." The samples 
of human sera were obtained commercially, 
or from ourselves, our colleagues, and the 
Baltimore Rh Typing Laboratory. -All sera 
were inactivated by heating in a water bath 
at 56 °C for 30 minutes. 1:5000 merthiolate 
solution was used as a preservative. 

The agglutination tests were carried out 
as follows: One drop of blood was taken 
from the mouse tail and suspended in 2 cc 
saline-citrate solution. The sera were diluted 
1:2. Two drops of diluted serum and 4 
drops of cell suspension were placed in a small 
test tube and mixed. The tubes were then 
centrifuged slowly for 30 seconds and then 

t All the mice used in these experiments were 
the progeny of mice obtained from Dr. D. C. Strong 
in 1941. 
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TABLE I. 

Agglutination of ilouse AxCEAX (7) ErytUroeytes xvith Various Human Sera. 
(Xunibers in parentheses are for iiloiitiflcatioii of sera.) 


A 

(1) 

3-b 

A 

(57) 

34- 

B 

(21) 

24- 

AB 

(20) 

34- 0 (65) 

A 

(40) 

2-34- 

A 

(5S) 

24- 

B 

(22) 

— 

AB 

(277) 

3-f- 

A 

(50) 

24- 

A 

(59) 

24- 

E 

(23) 

34- 

AB 

(141) 

34- 

A 

(51) 

2-34- 

A 

(00) 

14- 

B 

(24) 

3-f- 

AB 

(142) 

— 

A 

(52) 

34- 

A 

(61) 

24- 

B 

(25) 

24- 

0 

(00) 

24- 

A 

(53) 

24- 

A 

(62) 

24- 

E 

(20) 

34- 

0 

(01) 

34- 

A 

(54) 

— 

A 

(63) 

34- 

B 

(27) 

3-4- 

0 

(02) 

34- 

A 

(55) 

24- 

A 

(04) 

34- 

AB 

(1) 

34- 

0 

(63) 

— 

A 

(36) 

34- 

B 

(1) 

24- 

AB 

(10) 

34- 

0 

(04) 

— 


allowed to stand for 30 minutes after which 
they were read with the naked eye and 
checked microscopically. The readings were 
recorded as l-f-, 2-p, and 3-f , depending 
on the degree of reaction. 

The following adsorption technique was em- 
ployed; 5 cc of oxalated blood of the desired 
type was centrifuged and the cells were washed 
3 times with physiological saline solution. 
After the final washing, the supernatant saline 
was drawn off with a pipette and 10-12 drops 
of the corresponding serum to he used was 
added to the cells. The ceils and serum were 
then mixed, centrifuged slowly for 30 seconds, 
and then allowed to stand 3 hours. The tube 
was then centrifuged at high speed for 5 
minutes, after which the serum was removed 
and tested against a suspension of the blood 
cells used in the adsorption. If there was no 
agglutination of these cells, it was assumed 
that all the agglutinins had been removed from 
the serum. 

Results. Human type -4, B, .-\B, and O 
sera were found to agglutinate mouse ery- 
throcytes. The agglutinogen was invariably 
present in the erythrocytes of mice of all of 
the 5 strains inbred and the S types of hybrid 
mice mentioned previously. 

The data in Table I show that the 5Io 
agglutinin was not present in 5 of 37 samples 
(approximately 14 ft) of human sera. It 
may also be obserx’ed that the negative re- 
actions occurred in each of the four major 
blood groups so that the absence as well as 
the presence of the Mo agglutinin is not 
specifically associated with any of the stand- 
ard human blood groups. 

In the adsorption studies (Table II), the 
Mo agglutinin w.as shown to be a specific 
agglutinin which could be adsorbed from 


human serum by mouse erythrocytes, but 
not by human erythrocytes of any blood 
group (Table 11). It was found to be entirely 
independent of a and fi agglutinins as in- 
dicated by the fact that it was present in 4, 
but absent in 2, sera of the 0 group (Table I). 
Moreover, the a and ji agglutinins could be 
adsorbed on the appropriate human ery- 
throcytes without removing the SIo agglutinin. 
Conversely, the adsorption of the Jslo agglu- 
tinin on mouse erythrocytes did not remove 
the a or agglutinins or a heterospecific 
agglutinin for rabbit erythrocytes."-® (Table 
II.) 

The Mo agglutinin was also found to 
be present in both Rh-f- and RJr- blood, and 
group A Rh-f- cells failed to adsorb the Mo 
agglutinin. This data indicated that there 
was no apparent relationship between IMo 
agglutinin and Rh agglutinin. It is, perhaps, 
needless to point out that Rh sensitization is 
an induced phenomenon in Rh-persons who 
have had previous transfusions with Rh-f- 
blood; or in some Rh— mothers who have 
been delivered of Rh-}- children, the total 
incidence being comparatively low, at least 
in the iatter group; whereas the Mo agglutinin 
is concerned with a hitherto unnamed natural- 
ly occurring agglutinin present in most, but 
not all. human sera e.Yamined thus far. 

Discussion. It is necessary to clarify the 
contribution made by this work in relation 
to the advances made by others. Sievers" 
h;^ presented a case of heteroagglutination 
with human serum and has shown that the 
agglutinins vary in different species of animals. 

• Sit-vers, 0., .(eta Tath. cl Microbiol. Scant! 
1937, I-l, 533. ■' 


- Wieiior, A. S., mocil Grouiis uik? Traiisfusioii, 
3r(l cil., C. C. Tliouias, SiiriiigJieU, 1943. 
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Differences in Sera of Human Subjects with Respect to Heteroagglutinins 

for Mouse Erythrocytes.* 

Irvin Cohen, George Winokur, Wileiah J. Kuhns, and Franic H. J. Figge. 

From the Department of Anatomy, Vniversity of itarytanil, School of ihcdicine, Sallimore, M. 


In attempting to demonstrate and induce 
agglutinins in the blood of 9 types of hybrid 
mice and in mice of 5 strains inbred for many 
generations, suspensions of mouse erythrocytes 
in human sera were routinely used as control 
material.^ It was thus noticed that mouse 
erythrocytes were agglutinated by the sera 
obtained from human subjects of all 4 blood 
groups. There seemed to be no special 
affinity of the erythrocytes of mice for sera 
of any one type as such. It was apparent, 
however, that not all the samples of sera from 
human subjects possessed the property of ag- 
glutinating mouse erythrocytes. The negative 
reactions were heterospecific with respect to 
the blood groups in human subjects. The 
most obvious conclusion, therefore, was that 
there existed an antigen in mouse erythrocytes, 
the serological analog of which was present in 
most, but not all, human sera. Subsequent 
e.xperiments showed that this serological com- 
ponent was specifically adsorbed by hemo- 
logous antigen. For the sake of convenience, 
“Mo agglutinin” wilt henceforth be used to 
designate this component of human serum. 

Gorer-'-'^ demonstrated that isoagglutinins 
were present in the sera .of mice in which 
tumors had recently regressed. This work 
was independently duplicated by Lumsden® 
who induced isoagglutinins in rats by means 
of normal or malignant nucleated cells. Both 
Gorer* and Lumsden® concluded that the 
natural resistance of a rat or a mouse to a 
tumor transplantation is directly proportional 


* This work was aided by grants from the Anna 
Fuller Fund and tlic Doimor Fouud.atlon. 

1 Figge, F. H. J.. Cohen, L., and Winokur, G., 
submitted for publication. 

2 Gorcr, P. A., J. Gen., 1936, 33, 17. 

3 Gorer, P. A., Frit. J. Bxp. Path., 1936, 17, 42. 

4 Gorer. P. A., Brit. J. Exp. Path., 1937, IS, 31. 
B Gorer, P. A., J. Path, and Fact., 1937, 44, 691. 
GLumsden, T., Am. J. Cancer, 1938, 32, 39o. 


to the capacity of the animal to produce 
agglutinins. 

In this paper we have been concerned tvith 
an agglutinin for mouse erythrocytes which 
occurs in most human sera and which is 
similar to or identical with that developing 
in mouse sera when transplanted tumors re- 
gress. While this is probably not related to 
the factors that govern susceptibility to 
cancer in the human subject, it is of interest 
that it was not present in approximately 14% 
of human subjects. It is the purpose of the 
present paper to present the work on the 
attempts to determine the approximate inci- 
dence and data on the adsorption and specifi- 
city of the Mo agglutinin in human sera. 

Method atid Materials. In these e.xperi- 
ments, mice! of the following inbred strains 
were employed; C3H, C57 black, I, and 
JK. The following types of hybrid mice of 
Fi and Fo generations were also used; 
C37XC3H, C3HXC37, CnRsA, C.txCBAN, 
C57CB.ANX.A, C57XA, AxCBAN, AXC57CB.AN. 
In general, the technique used was similar 
to those described by Gorer." The samples 
of human sera were obtained commercially, 
or from ourselves, our colleagues, and the 
Baltimore Rh Typing Laboratory. All sera 
were inactivated by heating in a water bath 
at for 30 minutes. 1;5000 merthiolate 

solution was used as a preservative. 

The agglutination tests were carried out 
as follows: One drop of blood was taken 
from the mouse tail and suspended in 2 cc 
saline-citrate solution. The sera were diluted 
1:2. Two drops of diluted serum and 4 
drops of cell suspension were placed in a small 
test tube and mixed. The tubes were then 
centrifuged slowly for 30 seconds and then 

t All the mice used in these experiments were 
the progeny of mice obtained from Dr. L. 0. .Strong 
in 19dl. 
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Rates of Digestion, Gastric Emptying and Intestinal Absorption of Starch. 


E. C. Paulsen, P. F. Fenton,* ano H. B. Pierce, 

From the Department of Biochemistry, College of Metlicine, University of Tcrmont, 

Burlington, Vt. 


We have shown in previous studies^---” 
that the rates of gastric emptying and in- 
testinal absorption of carboh3'drate3 were 
closely related. Our work has also indicated, 
contrary to the findings of Cori,^ that the 
rate of intestinal absorption of carbohydrates 
depended, among other things, upon the 
amount of administered carbohydrate. 3Iuch 
of our earlier work has been done with dex- 
trose administered by forced feeding. This 
method has been called unphysiological by 
some workers, and it must be admitted that 
few animals habitually obtain their nourish- 
ment by stomach tube. On the other band, 
we found it quite impossible to study de.x- 
trose absorption in short time intervals by 
using any method other than forced feeding. 
Starch, either in pure form, or as part of some 
food product, lends itself to studies with 
voluntary feeding. We have shown in an 
earlier studj- that rats can be made to con- 
sume limited amounts of such starch in a 
relatively short period of time. 

The present study was undertaken to obtain 
further information on the fate of voluntarily 
ingested starch, to extend our previous exper- 
iments to other cereal products, and to 
determine the role salivary digestion plays 
in the utilization of starch b}‘ the rat. 

Methods. This investigation was carried 
out with 3 preparations-— ( 1) corn starch 
added lo boiling water in amounts giving a 
concentration of : (2) a breakfast cereal 

* fri'-i'ii! .'iililri-,-: Y.ili' Nutritina L;il, oratory, 
Ili'l'ortiiii lit of riij ^ioKioical ClH'ini.',try, V,i)y I'ni- 
vtT-'uy. Now lUivcii, I'omi. 

' IViitoii, P. F., .loi. ,7. Phy.iint,, ttMS, 1-IJ, 009. 

- Uiri'li.ill, E. F.. Fi'Htoii, P. F.. .aiid Pierce, 
H. P... .Im. .!. I'Ui/siul.. V.m, 110. 01(1. 

a Fenton. 1’. F., and Pierce, II. B., Am. J. 
iVii/.Mo;,. iiMT, 118. eor>. 

> Con, C. F., .7. Biol. Clum., 1093, CO, 691, 


from which the free sugar was removed by 
washing with water, followed by drying at 
70°C (Cereal I); and (3) a breakfast cereal 
which contained no free sugar (Cereal II). 
The two breakfast cereals were fed as a paste, 
water being added in sufficient amounts to 
give a starch concentration of 10%. All 3 
preparations were analyzed for starch, pro- 
tein, fat, fiber, ash and moisture. As experi- 
mental animals we used white rats weighing 
between 140 and 200 g. These animals were 
fed the 3 starch preparations in amounts 
containing 247 or 317 mg of starch. In all 
other respects the procedure was the same 
as described by Fenton and Pierce.® 

.\n effort was made to determine the extent 
of digestion in the alimentary tract above the 
pylorus. Some information was obtained by 
carrying out the standard osazone tests on 
the gastric contents. Since the presence of 
de.xtrins gave rise to abnormal crj’stal shapes, 
solubility in hot and cold water and in glacial 
acetic acid was used as the chief criterion. 
.Additional information was obtained from a 
combination of Barfoed’s and Benedict’s 
qualitative tests. 

Results and Discussion. The qualitative 
tests performed on the gastric and intestinal 
contents support the conclusion that the free 
sugar present in greatest amounts in the 
stomach was maltose while dextrose was found 
in the intestines. We have, therefore, cal- 
culated our results on this basis. 

.-Vll pertinent data have been assembled in 
Table I. In general the rales of hydrolysis, 
emptying and absorption were closely related. 
The only exception to this was noted in the 
group receiving corn strach at the low level 
(247 mg of starch) with an absorption period 
of one hour. \\ ith this one e.vception the rates 
of hydrolysis, emptying and absorption of 
Cereal II and of corn starch were of the 
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T.VBLE II. 


Cross Atlsorption Experiments. 

Spceific Adsorption of ilo Agglutinin and Failure of Mouse Erythrocytes to Adsorb Babbit Erythrocyte 
Agglutinins from Human Sera. 


Humiiu serum type 



Erythrocytes 




Human 


Babbit 

Mouse 


A-Rh-f 

A-Eb— 

B 

AxCB.^N (7) 

A (S13)' 

A (50) 

— 

— 

3-1- 

2-f 

2'f' 


A (40) before adsorption 

— 

— 

3-1- 

3-f 

2-3-f 


A (40) after adsorption witli B cells 

— 

— 

— 

3-f 

2-f 


B (22) before adsorption 

3-1- 


— 

3-f 

— 


B (23) before adsorption 

3-1- 

3-f 


3-f 

3-f 

3-f 

B (23) after adsorption with 







A-Bh-1- cells 

— 



3-f 

3-f 

3-f 

B (23) after adsorption with 







A-Rh — cells 


— 


3-f 

3-f 

3-f 

A (4G) adsorbed -with mouse 







(AxCBAN 7) cells 

— 

— 

3-f 

3-f 

— 


B (23) adsorbed with mouse 







(C;iH 1534) veils 

3-1- 

3-b 

— 

3-f 




The original discovery of the Rh factor® was 
made by testing human beings with antiserum 
from rabbits which had been injected with 
Rhesus blood; in this fashion 85% of the 
individuals tested were positive. Gorer’s® 
differentiation of the blood types in mice by 
reactions with human A serum was based on 
the quantitative or qualitative differences 
in the agglutinogens present in mouse ery- 
throcytes. Since Gorer used himself as a 
source of type A serum, it is evident from his 
results that his blood contained jMo agglu- 
tinin. He apparently did not use a sufficient- 
ly large number of other individuals as 
sources of A serum to encounter one which 
did not contain Mo agglutinin. It is almost 
certain however, that the antibody in human 
A serum that he used, to study the differences 
in the agglutinogen content of mouse ery- 
throcytes, was Mo agglutinin. At least, the 
agglutinin in human sera that he used was 
absorbed by mouse erythrocytes and it was 
shown in this work that mouse red cells absorb 


only Mo agglutinin and not a or ^ agglutinins 
or the rabbit cell agglutinin. 

Summary and Conclusion. The perform- 
ance of agglutination tests, using the blood 
cells of mice of 5 inbred strains and 8 types 
of Fi and Fo hybrid mice, have shown that 
human sera can be differentiated, apart from 
the usual intra-group reactions, by their 
ability to agglutinate mouse erythrocytes. 
The differentiation of human sera on this 
basis depended on the presence or absence 
of a specific agglutinin (Mo agglutinin). It 
was found to bear no specific relationship to 
either the A-B-0 blood groups or the Rh 
factor. Five of the 37 human sera tested 
(appro.ximately 14%) did not contain the 
Mo agglutinin. Mouse erythrocytes adsorbed 
the !Mo agglutinin but not a and /? agglutinins 
or the rabbit cell agglutinin. Human eryth- 
rocytes of the a and /3 group and rabbit red 
cells adsorbed their specific agglutinins, but 
not the Mo agglutinin. 
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Rates of Digestion, Gastric Emptying and Intestinal Absorption of Starch. 
E. C. Paulsex, P. F. Fenton,^ axd H. B. Pierce. 

From the Departinent of Bioeheiiiixtri/, College of Medicine, Vniiersity of Vermonf, 

Burlington, Ft. 


We have shown in previous studies*---’ 
that the rates of gastric emptying and in- 
testinal absorption of carbohydrates were 
closely related. Our work has also indicated, 
contrary to the findings of Cori,* that the 
rate of intestinal absorption of carbohydrates 
depended, among other things, upon the 
amount of administered carbohydrate. Much 
of our earlier work has been done with de.x- 
trose administered by forced feeding. This 
method has been called unphysiological by 
some workers, and it must be admitted that 
few animals habitually obtain their nourish- 
ment by stomach tube. On the other hand, 
we found it quite impossible to study dex- 
trose absorption in short time intervals by 
using any method other than forced feeding. 
Starch, either in pure form, or as part of some 
food product, lends itself to studies with 
voluntary feeding. We have shown in an 
earlier study that rats can be made to con- 
sume limited amounts of such starch in a 
relatively short period of time. 

The present study was undertaken to obtain 
further information on the fate of voluntarily 
ingested starch, to e.xtend our previous e.xper- 
iments to other cereal products, and to 
determine the role salivary digestion plays 
in the utilization of starch fay the rat. 

Methods. This investigation was carried 
out with 3 preparations — (1) corn starch 
added to boiling water in amounts giving a 
concentration of lO'^f : (2) a breakfast cereal 

* adUress; Yak* Xulritioii I.aUoralory, 

l>i-parlim lit of I’livsiological (.'lu'iui.strv, YaU' Fjii- 
vorjitv, Xow Havon, I'oiiii. 

' Fi'iiloii. P. F., Am. J. Phy.diih, 5!!45, 141, 00!). 

- IVirvliall. K. P., Fenton, P. F., ami Piercf, 
H, 1!., .Itii. ,f. Phii.dol.. P.HO. I Hi, 010. 

Feiitdu, F. F,. ami Pieree, H. B., .Ini. J. 

1047, 118, 290. 

‘ C'uri, C. F„ J. Biol. Clicm., 1923, CO, 091. 


from which the free sugar was removed by 
washing with water, followed by drying at 
70'C (Cereal I); and (3) a breakfast cereal 
which contained no free sugar (Cereal II). 
The two breakfast cereals were fed as a paste, 
water being added in sufficient amounts to 
give a starch concentration of 10%. All 3 
preparations were analyzed for starch, pro- 
tein, fat, fiber, ash and moisture. As experi- 
mental animals we used white rats weighing 
between 140 and 200 g. These animals were 
fed the 3 starch preparations in amounts 
containing 247 or 317 mg of starch. In all 
other respects the procedure w^as the same 
as described by Fenton and Pierce.® 

-An effort was made to determine the extent 
of digestion in the alimentary tract above the 
pylorus. Some information was obtained by 
carrying out the standard osazone tests on 
the gastric contents. Since the presence of 
dextrins gave rise to abnormal crystal shapes, 
solubility in hot and cold water and in glacial 
acetic acid was used as the chief criterion. 
.Additional information was obtained from a 
combination of Barfoed's and Benedict's 
qualitative tests. 

Results and Discussion. The qualitative 
tests performed on the gastric and intestinal 
contents support the conclusion that the free 
sugar present in greatest amounts in the 
stomach was maltose while dextrose was found 
in the intestines. We have, therefore, cal- 
culated our results on this basis. 

.All pertinent data have been assembled in 
Table I. In genera! the rates of hydrolysis, 
emptying and absorption were closely related. 
The only e.xception to this was noted in the 
group receiving corn strach at the low level 
(247 mg of starch) with an absorption period 
of one hour. With this one exception the rates 
of hydrolysis, emptying and absorption of 
Cereal II and of corn starch were of the 
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TABLE I. 


Summary of Besults Obtained %vith Bats Fed 3 Stnreh Preparations Fed ;it 2 Levels.* 


Amount of starch fed 

247 mg 



317 mg 

Duration of e.xiierinieut 

1 hr 
mg 

2 hr 
mg 

1 hr 
mg 

2 hr 
mg 

Hydrolyzed 

Cereal I 

137 ■+- 7.3t 

179 -f- 7.7 

loS ts.5 

213 ± 8.3 

Cereal II 

1S4 -V 3.S 

222 ■+■ 3.1 

231 -t- 5.2 

258 ± 5.8 

Corn starch 

ISO -t- 5.8 

222 ± 4.3 

254 ± 5.2 

281-1- 4.8 

Emptied 

Cereal I 

118 -H 8.8 

170 -1- 8.3 

140 10.0 

198 10.4 

Cereal II 

154 -+- 3.8 

210 -e 4.0 

170 ± 0.2 

220-*- 7.2 

Corn starch 

lie 8.2 

197 ± 7.G 

. 108 ± 9.0 

248 ± 8.3 

Absorbed 

Cereal I 

117 -+- 8.8 

170 -H 8.3 

130-*- 9.4 

195 -*- 10.1 

Cereal II 

148 -t- 4.4 

210 -)- 4.0 

158 ± 0.2 

220 -1- 7.S 

Corn starch 

115 -*- 8.0 

197 7.G 

IGu + 9.S 

248 -+- 8.3 


* Tlie data presented here rvere obtained on a total of 240 animals, each group containing 
from 15 to 30 animals. All values are expressed in terms of starch, 
t Standard error 


same order of magnitude. Cereal I was hydro- 
lyzed, emptied and absorbed at a consistently 
slower rate. 

The data presented here are in e.xcellent 
agreement with our previous findings. It is 
again evident that increasing the size of the 
meal fed also increases the amount of starch 
hydrolyzed, emptied and absorbed. The fact 
that the rates of absorption decreased with 
time should not be emphasized too strongly 
since only relatively small amounts of carbo- 
hydrate remained unabsorbed during the 
second hour. 

The intimate relationship of the rates of 


hydrolysis, emptying and absorption and the 
effect of varying the size of the meal upon 
these rates support very well our earlier re- 
ports in connection with the utilization of 
de.xtrose. The results reported here were, how- 
ever, obtained under conditions which per- 
mitted the elimination of forced feeding. 

Conclusions. Three starch preparations were 
fed to a total of 240 animals. The rates of 
hydrolysis, emptying and absorption are 
closelv related. Increasing the size of the 
test meal increases these rates. The data 
were obtained under conditions permitting 
the elimination of forced feeding. 
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A Comparison of the Nutritive Value of Egg Proteins and Their Ammo 

Acid Content. 


W. C. Hess, E. H. Kraxike, J. C. Fritz, and H. W. Howard. 

From ihe Department of Biological Chemistry, Georgetown 2Iedical School, ami the Bonlcn 
Company Nutritional Sesearch Laboratories. 


Since the early investigations of Osborne 
and MendeP the high nutritive value of egg 
proteins has been recognized. Alitchell and 
Carmam found that whole egg protein fed at 
an 8% level in the diet had a biological value 
of 93 as compared with 74 for pork and 67 
for wheat. Subsequently the same investi 


gators^ reported a biological value of 94 
for the nitrogen of whole egg and S3 for the 
nitrogen of egg albumin. Sumner^ and others 
reported the biological value of whole egg 
protein as 94 when fed at a 5^ level and S5 
when fed at an 8% level and that the bio- 
logical value was higher for young rats than 
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for older rats. It was also stated that egg 
proteins are superior to milk proteins in 
maintaining nitrogen balance of adult human 
subjects. iMurlin and others^ gave 97 as the 
biological value of whole egg protein for 
human subjects as compared with values of 
81, 84, and 83 for soy bean, beefsteak, and 
peanut proteins, respectively. Hoagland and 
Snider® found that the average growth-pro- 
moting value of the proteins in dehydrated 
pork was 3.75 g gain in body weight per 
gram of protein consumed in tests with young 
rats as compared with a gain of 4.28 g for the 
protein in spray dried eggs, ilore recently 
Hoagland, Ellis, Hankins, and Snider' stated 
that the superiority of egg to pork protein was 
due to the notably more cystine and methio- 
nine it contained. Supplementing pork protein 
with either cystine or methionine gave a 
growth promoting value equal to that of the 
protein in eggs. 

Mitchell and Block^ have taken the amino 
acids of whole egg protein as a standard for 
comparison of other proteins in an effort to 
assay biological values on the basis of es- 
sential amino acid content. Egg albumin is 
deficient in both cystine and methionine in 
comparison with whole egg protein, no data 
on whole egg white protein or on whole yolk 
protein were given. Calvery and Titus® have 
studied the sulfur, tryptophane, and cystine 
content of the whole white and whole yolk 
proteins and of egg albumin. The whole white 
protein was higher in all 3 substances than 
either the albumin or yolk proteins. The 

I Osborne, T. B., .ami Itemlel, L. E., J. Biol. 
Clum., 191.1, lo, 311: 1910, EO, 3.>. 

'- Mitelicll, II. H., .ami Canimii. G. G., J. Biol. 
CUcm.. 1924, 00, C.13. 

3 Mit. liell, II. II., ;iml Cnrni.aii, G. G., .7. Biol. 
Ch,m.. 192(>, 08. 1S3. 

1 Sunim-r, E. E.. Pieree, II. B.. .and llurlin, 
J. II.. J. .Vii(.. 193S, 10. 37 ; Sumner, E. E., J. Xnt., 
193S, 10. 129; Smnner. E. E.. nml Murliii, J. E., 
.7. .ViiC. 193.S, 10, 141. 

MurUii. .1. I!., Edwards, L. E,, :ind IPnvlev, 
E. E., J. Biol. Cltfm., 1944. 150. 7S3. 

<i lldaKlaml, It., ami Snider, G, G., Food 7.V- 
.•itiirWi. 1940, 11, 494. 

7 Uiiaglaml, It., Ellis, N. R., Hanlviiis, 0. G., and 
Snider, G. G., .7. Xnl., 1947, :tj, 43. 


whole white protein contained 1.66% sulfur 
and the yolk protein contained 1.19%. Munk 
and others^® found that the total egg protein 
was composed of 65% white protein and 35% 
yolk protein. On this basis the sulfur content 
of whole egg protein should be appro.ximately 
1.5%. Patton and Palmer^^ found the sulfur 
content of the whole egg protein to be 1.35%. 
iluny® found practically the same cystine 
content in the white as in the yolk protein, 
1.9% and 2.2% respectively. Methionine 
was determined by subtracting the cystine 
sulfur from the total sulfur and considering 
the difference as due to methionine. On this 
basis the whole white protein contained 6.6% 
and the 3 mlk protein 3.0% methionine. The 
tryptophane content of the 2 proteins was 
identical, 1.4%, the phenjdalanine content of 
the whole white protein "was 6.2%, appro.xi- 
mately 50% greater than the phenjdalanine 
content of the yolk protein. Differences in 
the other essential amino acids were slight. 
No feeding studies were reported. 

We have prepared whole egg, whole white, 
and yolk proteins and analyzed them for 
nitrogen, sulfur, cystine, cysteine, methionine, 
phenylalanine, tryptophane, threonine, histi- 
dine, l 3 'sine, and arginine. The same proteins 
were used in feeding e.xperiments with young 
rats to determine their protein efficiency 
values. In addition 3 commercial egg proteins 
were run similarly. 

E.xpcrimeiital. Preparation of proteins. The 
egg whites and 3 'olks were separated and 
poured into acetone. After stirring vigorously 
they were allowed to stand overnight when 
the acetone was decanted and replaced with 
fresh acetone. This acetone treatment was 
repeated 4 times. The whole white protein 
was prepared similarly. After the final treat- 
ment with acetone all the proteins were fairly 
granular. Following the acetone treatment 

SJIitohell, II. II., ami Block, E. J., J. Biol. 
ClicHU, 1940, 1(13, 399. 

9 Calvery, H. O.. and Titus, II. 3V., .7. BM. 
Chem., 1934, 105, 083. 

luMuiiks, B.. Eobiiison. .V., Bcacii. E. P., anil 
Williams, H. H., Poultni Sci., 194,i. 2-1. 549. 

nX-atton, A. E., and Palmer. L. 8., .7 Xi,l 
1930, 11, 129. 
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TABLE X. 


Amhio Acids ia Egg Proteins. 

All values, except nitrogen, are on the basis o£ the protein containing 10% nitrogen. Nitrogen 
values are expressed on the ash and moisture-free original protein. 



Wliole egg 

Wliole white Whole yolk 

Coimuetci,al 
whole egg 

Commercial 
whole white 

I 

II 

I 

% 

IX 

Amino acid 

% 

% 

% 

% 

% 

% 

% 

1. Cyst’.iie 

2.20 

2.23 

2.48 

1.82 

1.33 

2.11 

2.33 

2. Cysteine 

0.28 

0.10 

O.Xl 

0.14 

0.00 

0.00 

0.23 

3. Methionine 

.3.95 

3.SS 

4.15 

3.61 

4.30 

3.65 

3.96 

Pliciivlahinine 

X.4G 

X.50 

5.42 

3.73 

4.84 

4.S7 

5.29 

Tryptoplinne 

1.29 

1.X2 

1.40 

1.10 

1.47 

1.35 

1.56 

Sulfur — total 

1.57 

1.56 

1.7S 

1,30 

1.3S 

1.40 

1.62 

Sulfur euleulatod from 








1 4- 2 -f- 3 

1.53 

1.40 

1.07 

1.30 

1.2S 

1.33 

1.54 

Nitrogen 

13.70 

12.02 

14.53 

12.78 

13.34 

12.07 

12.64 

Arginine 

O.oX 

o.xc 

0.00 

0.98 

6.40 

6.59 

6.29 

Histidine 

1.33 

1.X3 

■ 1.20 

1.50 

1.38 

1.61 ■ 

1.29 

I.vsine 

5.1X 

5.05 

4.S3 

5.81 

5.09 

5.13 

5.20 

Tlireoniiie 

3.73 

3.SS 

4.10 

3.60 

3.94 

3.82 

4.42 


the proteins were treated overnight with ethyl 
alcohol. The alcohol was removed by filtration 
and the residues e.vtracted with ethyl ether 
by allowing them to stand overnight in contact 
with the ether. The ether e.xtraction was re- 
peated twice. The final products were air 
dried. 

The commercial proteins studied included a 
dried egg white and 2 dehydrated, defatted 
whole egg preparations, both made by the 
same manufacturer. 


Analysis. Total nitrogen was determined 
on all samples by the macro KJeldahl pro- 
cedure. Total sulfur was determined by the 
method of Pollack and Partansky.^- Phenyl- 
alanine, methionine, and tryptophane w-ere 
determined, following alkaline hydrolysis, as 
described by Hess and Sullivan.” Cystine 
and cysteine were determined by the method 
of Sullivan, Hess, and Howard” as used by 
Hess and Sullivan.” Threonine was deter- 
mined by the method of Shinn and Nicolet.” 


12 Pollack, R. N., and Part.aiiskj-, E. M,, /iirf. 
,0)1(7 Sng. Chon., Anal. FaI, 1934, G, 330. 

13 Hess, w. G., and Sullhan, il. N., /ml. and 
//nn. Chem., Anal. F(t, 19X5, 1'', 'I'- 
ll Sullivan, -II. X., Hess, W. a, and Hon-.-.rd, 

H W . J. Riof- Chem., 19X2, 14:5, 621. 

13 Hess, W. a, and Sullivan, JX. X., J. Biol. 

Chem., 19X3, 151, 925. . „ ^ j,- / 

IG Shinn, L. A., and Xicolet, B. H., J. Biol. 

■Chem., 19X1, 138, 91. 


Arginine, histidine, and lysine were deter- 
mined by the methods described by Block 
and Bolling.” The values given in Table 1 
are e.vpressed on the basis of the proteins 
containing 16% nitrogen since this method 
was used in determining the protein content 
of the diet. The nitrogen values in the table, 
however, are on the original sample corrected 
for moisture and ash. 

Feeding experiments. Albino rats of the 
Sprague-Dawley strain were used. The diets 
were made up with the egg proteins to contrib- 
ute 10% protein to the diet. The nitrogen of 

TABLE II. 

Composition of the Diet. 


Constituent 9c 


U.S.P. No. 2 salt mixture -i 

Wilson ^3 1:20 liver eouceutrate 1 

Criseo 5 

Corn oil 5 

Protein — N X O.iJo to contribute 10 


Corelose and corn starch to juake up 100%. 

iSyuthetic %utauuns were added in the following 
quantities per 100 g of diet: alpha tocopherol 4.0 
mg, 2-inethyM'4-naptlioquinone 1.0 mg, tinamiue 
h^'droehionde 0.8 nig, ribodaviii 1.0 mg, pyridoxiuo 
hydrochloride O.S mg, niacin 4.0 ing, calcium pan- 
tothenate 4.4 mg, para-aminobenzoic acid 4.0 mg, 
clioUnc chloride 200.0 mg, and inositol 21.0 mg. 
Yitamins A and D were fed separately, 3 drops 
of reference cod liver oil weekly. 

In the diet containing 0.259c cystine an equal 
weight of corn starch was omitted. 

IT Bosshardt, D. K., Ydse, L. C., Ayres, ^1- ^1-, 
and Barnes, R. H., J. .Yat., 1946, 31, 23. 
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TABLE III. 


Growth of Weanling Bats 

on Egg Protein Diets. 



Protein Xo. of rats 

Initial wt, 

tr 

c 

Pinal wt, 

S 

Gain, 

g 

Food intake, 
g 

PE ratio 

Whole egg I 5 

47.0* 

97.0 

50.0 

151.4 

3.30 

45.0 

100.0 

55.0 

141.0 

3.90 


55.0 

108.0 

53.0 

177.0 

2.99 

Egg wiiite -1 

49.0 

105.8 

56.8 

161.5 

3.51 

54.0 

120.0 

66.0 

177.0 

3.73 


48.0 

104.0 

36.0 

169,0 

3.31 

Yolk i 

46.8 

96.0 

48.8 

151.0 

3.23 


47.0 

97.0 

50.0 

137.0 

3.65 


49.0 

106.0 

57.0 

191.0 

2.98 

Commercial egg white S 

49.8 

104.1 

54.4 

161.1 

3.37 

55.0 

117.0 

62.0 

159.0 

3.90 


45.0 

87.0 

42.0 

168.0 

2.50 

Commercial whole egg I 9 

49.4 

90.9 

41.4 

148.4 

2.80 

59.0 

100.0 

48.0 

151.0 

3.1S 


44.0 

83.0 

39.0 

159.0 

2.45 

* First value in each ease is tlie average, followed by tlie values for tlie rats having tlie higlicst and 
lowest PE ratios in the group. 

TABLE IV. 

Growtli of Weanling Bats on Egg Protein Diets. 


Initial wt, 

Final wt. 

Gain, 

Food intake, 

PE ratio 

Protein Xo. of rats 

S 

g 

g 

rr 

o 


Whole egg 11 9 

49.6* 

82.1 

32.6 

104.4 

3.12 

61.0 

107.0 

46.0 

141.0 

3.26 


60.0 

94.0 

34.0 

124.0 

2.74 

Commercial whole egg II 9 

4S.S 

73.2 

24.6 

100.9 

2.33 

45.0 

74.0 

29.0 

101.0 

2.90 


50.0 

68.0 

18.0 

103.0 

1.75 

Commercial whoie egg II 9 

50.2 

7o.3 

25.0 

107.2 

2.38 

+ 0.25C£) evstine 

44.0 

70.0 

26.0 

S9.0 

O fj.> 


48.0 

77.0 

29.0 

131.0 

2.21 

* First value in each ease is the average, followed by tlie values 
ioweat PE ratios in tiie group. 

for tile rats having the higiicat and 


the sample times 6.25 gave the protein con- 
tent and the amounts of food consumed by 
the rats were carefully determined and re- 
corded. Two series of feeding e.xperiments 
were run. The average food intake and weight 
gains for a period of 2 weeks of each group 
of rats are given in Tables 111 and lY. Boss- 
hardt and others'^ found that the protein 
efficiency ratio* reached a maximum in ap- 
proximately 10 days and state that this 
period b sufficiently long to permit reliable 
calculations. If the e.xperiments are run for 

* The I'rotoin elVieieiiey ralio (PE ratio) is eal- 
euiau'il liy dividing the weiglit gained by tlie 
grams of jirotein ingested. 


a long period of time the PR ratio decreases. 

Discussion. The first series of e.xperiments, 
Table III, indicated that the whole white 
protein has a higher PE ratio than either the 
whole egg or yolk proteins. The commercial 
whole white protein has a PE ratio that is 
only slightly less than that of the laboratorx' 
whole white protein while commercial whole 
egg protein 1 has a markedly lower PE ratio 
than the laboratory prepared sample. In 
comparing the amino acid content of the 
laboratory prepared whole egg protein with 
that of commercial sample 1 it was noted that 
the sulfur amino add content of the com- 
mercial sample was markedly lower. No 
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marked differences were noted in the content 
of the other essential amino acids. 

In an effort to determine whether the varia- 
tion in total sulfur amino acid content, par- 
ticularly cystine, would e.\'plain the difference 
in the PE ratio another series of feeding 
experiments were run. A new preparation .of 
whole egg protein and another sample of 
commercial whole egg protein from the same 
producer were fed at the same level as 
previously. At the same time 0.25% cystine 
was added to the commercial whole egg pro- 
tein diet and fed to another set of rats. 
These results are given in Table IV. The 
PE ratio of whole egg protein II was 3.13 
as compared with the 3.3 in the first series 
while commercial whole egg protein 11 was 
2.33 compared with 2.8 in the first series. 
The commercial whole egg protein II plus 
cystine had a PE ratio of ,2.38, practically 
identical with that of die diet without the 
added cystine. It will be noted from Table 
I that whole egg protein II has an amino acid 
content the same as that of Sample I within 
the limits of experimental error. Commercial 
whole egg protein II contains slightly more 
cystine than commercial Sample I and slightly 
less methionine, there is little variation in 
all the samples of whole egg proteins in the 
other essential amino acids tested. It is 
apparent that the addition of cystine has not 
improved the PE ratio of the commercial 
Avhole egg protein. The only essential amino 
acids which were not determined in the pro- 
teins are leucine, isoleucine, and valine. 
These, according to hlitchell and Block,® are 
present in such large amounts in whole egg 
protein tlrat it is difficult to imagine any lack 
of these amino acids in any of the samples. 


These results emphasize the difficulty of 
assaying the nutritional values of proteins by 
analyzing for the essential amino acids. In 
spite of the similarity of the amino acid 
content of the commercial whole egg and 
laboratory whole egg proteins, except for 
cystine, they are biologically different, even 
when the commercial sample is reenforced 
with cystine. 

Summary. The proteins of whole egg, whole 
egg white, and yolk, w’ere prepared and 
analyzed for cystine, methionine, phenyla- 
lanine, tryptophane, threonine, arginine, 
histidine, lysine, sulfur, and nitrogen. These 
' proteins were incorporated into diets at a 
10% level and fed to young rats. The protein 
efficiency ratio (gain in weight per gram of 
protein ingested) was determined after a 
2-w'eek feeding period. Commercial prepara- 
tions of whole egg and whole ivhite protein 
were similarly analyzed and their PE ratio 
determined. The PE ratio of the whole white 
protein w'as higher than that of either the 
w’hole egg or the yolk proteins. The PE ratio 
of the commercial whole white protein was 
almost as high as that of the laboratory pre- 
pared sample. The PE ratio of commercial 
whole egg protein ivas markedly lower than 
that of the laboratory prepared sample. The 
amino acid content of all the whole egg pro- 
teins w'ere quite similar with the e.xception of 
the cystine content of the commercial samples 
which W'as lower than that of the laboratory 
samples. When the commercial whole egg 
protein II w'as reenforced wdth 0.25% cystine 
the PE ratio w'as not improved. Other factors 
in addition to the amino acid content ap- 
parently play a role in the biological value 
of proteins. 
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Effect of Potassium on the Ventricular Deflections of the Electrocardiogram 
in Hypertensive Cardiovascular Disease.* 

J. Makion Bryant. (Introduced by Frank N. Wilson.) 

From the Department of Internal Medicine, Vniversity of Michigan School of Medicine, Ann 

Arbor, Mich. 


Many reports have been published concern- 
ing the effects of potassium on the electro- 
cardiogram in various clinical states^*'^ and 
in experimental animals.*^’^" These have 
been concerned chiefly with its effect upon 
the T-wave. Relatively little attention has 


* The observations upon wliieh tliis paper is 
based were c.arricd out witli tlie aid of grants to 
Ibrank N. Wilson from the Horace H, Sackliam 
School of Graduate Studies and tlio S. -S. Kresge 
Foundation. 

iBambcr, J. M., Am. J. Med. Set., 1035, 180, 
681 . 

3 DoAVesselow, 0. L. V, S,, and Tiioinaon, \V. A. 
B., Quart. J. Med., 1030, S, 3G1. 

3 Thomson, W. A. B., Lancet, 1039, 1, SOS. 
■iTliomsoii, AV. A. B., Jlril. Heart J., 1939, 1, 
269. 

0 Stewart, H, J., Smith, J. J., .and Alilhorat, 

A. I., Aiiv. J. Med. Sci., 1940, 199, 789. 

0 Stewart, IL J., and Smith, J. J., .:lia. J. Med. 
Sci., 1941, 301, 177. 

■ Keith, N. M., Osterberg, A. E., ajid Burcbell, 
H. B., Ana. Ini. Med., 1942, 10, 879. 

8 Keith, N. AI,, and Osterberg, A. E., Prac. Staff 
Meet., Mayo Clinic, 1946, 31, 385. 

0 Sampson, J, J., Alberton, E. C., and Koiido, 

B. , .Im. Heart J., 1943, 20, 104. 

to Sliarpey-Schafer, E. P., Srit. Heart J., 1943, 
.1, SO, 

11 Sharpey-Sehafer, E. P., Bril. Htart 1943, 
<>, So. 

IS Keith, N. M., BureheU, II. B., and Baggcn- 
stoss, A. II., Am. Heart J.. 3944, 37, 817. 

13 del Castillo, E, B., and Onativia, E. A, y A., 
Medicina, 1945, 9, 471. 

'A I MeLcan, F, C., Bay, E. B., and Hastings, 

A. B,, Ani. J. Physiol., 1933, 105, 72. 

13 Winkler, A. AV., HoT, II. E., and Smith, P. K., 
Jm. J. Phy.Aol., 1938. 131, 478. 

10 AVitikler, A. AV., lloff, II. E., .and Sinitli, P. K., 
Am. J. Phytiieil., 1030, 137, 430. 

Chamberlain, F, E., Scudder, J., and Zwemer, 

B. h., Am. Heart J., 1939, 18, 458. 


been devoted to its effect upon the QRS 
comple.x e.xcept in those cases in which to.vic 
doses were given. Inspection of the published 
records, however, shows that in many in- 
stances a reduction, in the size of the QRS 
deflections followed the administration of this 
drug. We refer particularly to instances in 
which potassium was given to patients with 
hypertensive heart disease. In the articles 
referred to the QRS changes were not men- 
tioned in the texts or legends. In fact in 
some of these it was reported that no change 
in the form of these deflections took place.''-*® 
In a previously reported study*® sodium re- 
striction in hypertensive vascular disease Avas 
followed by retrogressive electrocardiographic 
changes unaccompanied by a significant 
change in blood pressure. This raised the 
question as to whether a relative increase in 
tissue potassium secondary to sodium restric- 
tion was responsible for these electrocardio- 
graphic phenomena. Consequently the effect 
of potassium alone upon the electrocardiogram 
in cases of hypertension was investigated. 
Potassium in the form of the chloride, dibasic 
phosphate, or citrate was administered, on 
25 occasions, to patients with abnormal 
eleclrocardiogams characteristic of hyper- 
tensive vascular disease, and, on ten occasions, 
to normal subjects. Electrocardiograms were 
obtained immediately before and at times 
ranging from 15 minutes to 3 hours after the 
ingestion of 5 to 20 g of one of the potassium 
salts mentioned. In several instances 10 to 
24 g of potassium salts daily had been 
prescribed previously and the patient had 
continued on this dosage up to the time of 
the test. 

In every instance in which potassium was 

IS Bryant, .1. M., ami Blccba, E., Paoc. .8oc. 
Ext*. BioL. -VXD Mkd,, 1947, 05, 227, 
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given to a patient with hypertensive heart 
disease accompanied by the characteristic 
changes in the electrocardiogram there was 
a reduction in voltage of the QRS deflections 
which persisted for several hours. Frequently 
there was also a reduction in the length of the 
QRS interval. In the vast majority of cases the 
T-wave became less inverted or upright when 
it was originally inverted, or taller when it was 
originally upright. Serial electrocardiographic 
observations showed that following the ad- 
ministration of potassium the electrocardio- 
gram passes in reverse order through the same 
series of configurations that it passes through 
in the course of the development of the 
changes characteristic of hypertensive heart 
disease. In a few instances the T-wave be- 
came more deeply inverted after potassium 
even though the voltage of the QRS de- 
flections was reduced. In the majority of 
instances the mean axis of the QRS shifted 
to the right of its original position while that 
of the T-wave was shifted to the left. The 
magnitude of the ventricular gradient was 
usually increased and its direction was shifted 
slightly to the right. 

In normal subjects the administration of 
potassium was followed by electrocardio- 
graphic changes similar in character but less 
pronounced than those seen in cases of hyper- 
tension. In one patient with left ventricular 
enlargement due to luetic aortic insufficiency. 


but with no definite increase in blood pressure, 
the administration of potassium was followed 
by pronounced toxic symptoms and transient 
left bundle branch block. 

In hypertensive vascular disease sodium 
restriction alone is followed by electrocardio- 
graphic changes identical with those produced 
by the administration of potassium. No 
close correlation between the changes in blood 
pressure and the changes in the electrocardio- 
gram is apparent. It should be pointed out 
that the electrocardiographic changes follow- 
ing sympathectomy in hypertensive patients 
are of the same type, and, that in this case also 
these changes are not always very closely 
related to the effects on the blood pressure. 

In calling attention to the similarity be- 
tween the changes in the electrocardiogram 
produced by the administration of potassium 
in cases of hypertensive heart disease, and 
the changes in the electrocardiogram which 
often follow sympathectomy or the restriction 
of sodium in cases of the same kind, we do 
not imply that the mechanism by which these 
electrocardiographic changes is brought about 
is necessarily the same in both instances. 
This is a question which can be decided only 
by future investigations. 

The potassium dibasic phosphate used iu this 
study was supplied through the generosity of 
Parke, Pavis aud Company. 
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A Gaseous Nitrogen Elimination Test to Determine Pulmonary Eflaciency. 

Walter M. Boothby, Gunnar Lundin,* and H. Frederic Helmholz, Jr. 

From the High Altitude Laboratory, Mayo Aero Medical Unit, Mayo Clinic and Mayo 

Foundation, Rochester, Minn. 


Nearly all physiologists interested in respi- 
ration have contributed to our knowledge of 
nitrogen elimination produced by decom- 
pressTon or by oxygen inhalation. As space 
prevents an adeq uate review of the literature, 

orAriation Physiology, Univer- 
sity of Lund, Lund, Sweden. 


we can only refer the reader to typical refer- 
ences of studies by Haldane and Priestley,^ 

1 Haldane, J. S., and Priestley, J. G., Sespira- 
tion. New Haven, Yale University Press, 1035, 
493 pp. 

2Berggren, S. M., Acta physiol. ScandUiav., 
1942, 4 (Suppl. 11). 
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Berggren,- Behnke,® Bornstein* Lundsgaard 
and Van Slyke,® Christie,® Cournand and his 
associates/ and Bateman.® 

As a result of the ease and rapidity of 
analysis possible with the nitrogen meter de- 
vised by Lilly and Anderson® of the Johnson 
Foundation it is now possible to make, as 
frequently as desired, readings of the nitrogen 
content of o-xygen-nitrogen mixtures. For 
the principle and details of this nitrogen 
analyzer the reader should consult the original 
paper. For our use Baldes enlarged the lower 
part of the scale (0 to l^%) so that differ- 
ences in the nitrogen content of COo-free 
nitrogen-oxygen mixtures at constant temper- 
ature and saturated with water vapor can be 
determined with an accuracy of 0.05% points 
provided duplicate analyses in Haldane high 
o.xygen gas-analyzers are made at the begin- 
ning and end of each experiment for the 
purpose of calibration; the intermediate read- 
ings are linear. 

The respiratory apparatus used is a closed 
circuit system consisting of a spirometer, soda- 
lime container, filter and a blower with 
corrugated tube connections to the valve at- 
tached to mask or mouthpiece. 

The spirometer records both respiratory 
movements and ventilation rate and has a fan 
on the floor for rapid mixing of gases. For 
an e.xperiment it is filled with 40 to 60 liters 
of o.xygen (99.6 ± 0.1% purity) so that at 
the end of the 30-minute e.x'periment the 
nitrogen content does not exceed 8 to 10%. 
Wet and dry bulb thermometers are placed 
in the air stream just as the circulating mix- 

sBelinke, .V. It., U. S. -Vaiut Med. Bull., 1937, 
.•{5, 219. 

I Bornstein, A., Z. f. exp. Path. u. Therap., 1918, 
•20, -195. 

3 Luudsga.ir(l, Christen, and Van Sij-ke, D. D., 
J. Exp. McJ., 1918, 27, 05. 

•5 Christie, B. V., J. Clin. Invest., 1932, 11, 1099. 
~ Cournand, .\ndre, Bahiniii, Eleanor deP., 
Darling, B. C., and Bichards, D. W., Jr., J. Clin. 
Invest., 1941, 20, 081. 

sBatenniu, J. B., Proc. Staf Jleet., Mayo Clin., 
1940, 21, 112. 

9 Lilly, J. C., and .Vudersou, T. P., National 
Beseareh Council, Division of lledical Science, 
CAM Beport No. 299, 1944. 


ture leaves the gasometer. A sampling tube 
leads to the nitrogen meter which draws out 
approximately 6 cc per minute. The blower 
produces a flow of 80 to 100 liters per minute 
through the closed circuit system. Therefore 
the over-all time lag is less than 0.2 minute 
from the moment the e.xpired air enters the 
system to the meter reading of the nitrogen 
content of the mixed gases. 

The experiment itself is conducted like a 
basal metabolism test except that it lasts 30 
minutes. The valve to start the experiment 
must be turned exactly at the bottom of the 
subject’s natural e.xpiration to avoid a bother- 
some correction. Just before the experiment 
is ended the vital capacity is determined by 2 
cycles of maximal inspiration and ex-piration; 
the spirometer tracing is then continued for 
5 minutes to establish accurately the average 
expiratory level from which the different 
pulmonary subdivisions are calculated. 

The accumulated nitrogen elimination 
(BTPS) is a simple calculation and should 
be made for 15 to 20 different points in the 
30 minute e.xperimental period. For plotting 
we have found the use of 2 by 3 cycle log- 
log paper very convenient, for the following 
reasons: 1. The time scale covers 3 log units 
(0.2 to 30 minutes). 2. .As first shown by 
the e.xperiments of Boothby, Lovelace and 
Benson, the body tissue nitrogen, both 
when the subject is at rest and when he is at 
work, when accumulated and plotted on log- 
log paper forms straight lines for more than 
200 minutes; the slope of the line is in the 
main dependent on the rate at which the 
venous blood returns to the lungs. 3. The 
accumulated nitrogen coming from the air 
in the lungs rises very rapidly from the begin- 
ning of the e.xperiment; when the pulmonary 
nitrogen has been completely eliminated, a 
sharp angle or knee is made as the further 

10 Boothby, W. M., Lovelace, W. B., 11, .and 
Bensou, 0. O., J. .leronaulieal Set., 1940, 7, 524. 

it. Physiology of Flight; Human Faetors in the 
Operation of Military Aireraft. A compendium 
of lectures and demonstrations given to .Vrmv Air 
Force personnel. The .Vero Medical Besearcli 
Laboratory, Experimental Engineering Section, 
Materiel Center, Wright Field, Davton, Ohio 
1940-1942, p. 27, Fig. 15. 
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given to a patient with h}T)ertensive heart 
disease accompanied by the characteristic 
changes in the electrocardiogram there was 
a reduction in voltage of the QRS deflections 
which persisted for several hours. Frequently 
there was also a reduction in the length of the 
QRS interval. In the vast majority of cases the 
T-wave became less inverted or upright when 
it was originally inverted, or taller when it was 
originally upright. Serial electrocardiographic 
observations showed that following the ad- 
ministration of potassium the electrocardio- 
gram passes in reverse order through the same 
series of configurations that it passes through 
in the course of the development of the 
changes characteristic of hypertensive heart 
disease. In a few instances the T-wave be- 
came more deeply inverted after potassium 
even though the voltage of the QRS de- 
flections was reduced. In the majority of 
instances the mean axis of the QRS shifted 
to the right of its original position while that 
of the T-wave was shifted to the left. The 
magnitude of the ventricular gradient was 
usually increased and its direction was shifted 
slightly to the right. 

In normal subjects the administration of 
potassium was followed by electrocardio- 
graphic changes similar in character but less 
pronounced than those seen in cases of h3qjer- 
tension. In one patient with left ventricular 
enlargement due to luetic aortic insufficiency. 


but with no definite increase in blood pressure, 
the administration of potassium was followed 
by pronounced toxic symptoms and transient 
left bundle branch block. 

In hypertensive vascular disease sodium 
restriction alone is followed by electrocardio- 
graphic changes identical with those produced 
by the administration of potassium. No 
close correlation between the changes in blood 
pressure and the changes in the electrocardio- 
gram is apparent. It should be pointed out 
that the electrocardiographic changes follow- 
ing sympathectomy in hypertensive patients 
are of the same type, and, that in this case also 
these changes are not always very closely 
related to the effects on the blood pressure. 

In calling attention to the similarity be- 
tween the changes in the electrocardiogram 
produced by the administration of potassium 
in cases of hypertensive heart disease, and 
the changes in the electrocardiogram which 
often follow sympathectomy or the restriction 
of sodium in cases of the same kind, we do 
not imply that the mechanism by which these 
electrocardiographic changes is brought about 
is necessarily the same in both instances. 
This is a question which can be decided only 
by future investigations. 

The potassium dibasic phosphate used in this 
study was supplied through the generosity of 
Parke, Davis and Company. 
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A. Gaseous Nitrogen Elimination Test to Determine Pulmonary Efficiency. 
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From the Sigh Altitude Laloraiorg, Mayo Aero Medical Vnit, Mayo Clinic and Mayo 

Foundation, Sochester, Minn. 


Nearly all physiologists interested in respi- 
ration have contributed to our knowledge of 
nitrogen elimination produced by decom- 
pression or by oxygen inhalation. As space 
prevents an adeq uate review of the literature, 

Physiology, Univer- 

aity of Lund, Lund, Sweden. 


we can only refer the reader to typical refer- 
ences of studies by Haldane and Priestley,^ 

I Haldane, J. S., and Priestley, J. G., Sesyira- 
tion, New Haven, Tale University Press, 1935, 
493 pp. 

^Berggren, S. il., Acta physiol. Scandinav,, 
1942, -4 (Suppl. 11). 
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Bcrggren,” Behnke,® Bornstein,'^ Luiwisgaard 
andVan Slyke Christie,® Cournand and his 
associates,’^ and Bateman.® 

As a result of the ease and rapidity of 
analysis possible with the nitrogen meter de- 
vised by Lilly and Anderson® of the Johnson 
Foundation it is now possible to make, as 
frequently as desired, readings of the nitrogen 
content of oxygen-nitrogen mi.xtures. For 
the principle and details of this nitrogen 
analyzer the reader should consult the original 
paper. For our use Baldes enlarged the lower 
part of the scale (0 to 1S%) so that differ- 
ences in the nitrogen content of COa-free 
nitrogen-oxygen mixtures at constant temper- 
ature and saturated with water vapor can be 
determined with an accuracy of 0.05% points 
provided duplicate analyses in Haldane high 
o.xygen gas-analyzers are made at the begin- 
ning and end of each experiment for the 
purpose of calibration; the intermediate read- 
ings are linear. 

The respiratory apparatus used is a closed 
circuit system consisting of a spirometer, soda- 
lime container, filter and a blower with 
corrugated tube connections to the valve at- 
tached to mask or mouthpiece. 

The spirometer records both respiratory 
movements and ventilation rate and has a fan 
on the floor for rapid mixing of gases. For 
an experiment it is filled with 40 to 60 liters 
of o.xygen (99.6 ± 0.1% purity) so that at 
the end of the 30-minute e.xperiment the 
nitrogen content does not e.xceed 8 to 10%. 
Wet and dry bulb thermometers are placed 
in the air stream just as tlie circulating mix- 

3Belmke, A. R., U. S. Naval Med. Bull, 1937, 
35, 219. 

•4 Bornstein, A,, Z. f. exp. Path. u. Therap., 1918, 
20, 495. 

5 l.imdsg.i.iril. Christen, and Van Slyke, D. B., 
J. Exp. died., 1918, 27, 03. 

a Christie, E. V., J. Clin. Invest., 1932, 11, 1099. 
" Cournand, Andre, Baldwin, Eleanor deP., 
Darling, E. C., and Eiehards, D. W., Jr., J. Clin. 
Invest., 1941, 20, OSl. 

S Bateman, J. B., Proc. Staff' Meet., Mayo Clin., 
194G, 21, 112. 

9 Lilly, J. C., and Anderson, T. P., National 
HeseareU Council, Division of Medical Science, 
CAM Report No. 299, 1944. 
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ture leaves the gasometer. A sampling tube 
leads to the nitrogen meter which draws out 
approximately 6 cc per minute. The blower 
produces a flow of 80 to 100 liters per minute 
through the closed circuit system. Therefore 
the over-all time lag is less than 0.2 minute 
from the moment the expired air enters the 
system to the meter reading of the nitrogen 
content of the mixed gases. 

The experiment itself is conducted like a 
basal metabolism test except that it lasts 30 
minutes. The valve to start the experiment 
must be turned exactly at the bottom of the 
subject’s natural e.xpiration to avoid a bother- 
some correction. Just before the e.xperiment 
is ended the vital capacity is determined by 2 
cycles of maximal inspiration and e.xpiration; 
the spirometer tracing is then continued for 
5 minutes to establish accurately the average 
expiratory level from which the different 
pulmonary subdivisions are calculated. 

The accumulated nitrogen elimination 
(BTPS) is a simple calculation and should 
be made for 15 to 20 different points in the 
30 minute e.xperimental period. For plotting 
we have found the use of 2 by 3 cycle log- 
log paper very convenient, for the following 
reasons; 1. The time scale covers 3 log units 
(0.2 to 30 minutes). 2. As first shown by 
Uie experiments of Boothby, Lovelace and 
Benson, the body tissue nitrogen, both 
when the subject is at rest and when he is at 
work, when accumulated and plotted on log- 
log paper forms straight lines for more than 
200 minutes; the slope of the line is in the 
main dependent on the rate at which the 
venous blood returns to the lungs. 3. The 
accumulated nitrogen coming from the air 
in the lungs rises very rapidly from the begin- 
ning of the e.xperiment; when the pulmonary 
nitrogen has been completely eliminated, a 
sharp angle or knee is made as the further 

10 Boothby, W. it., Lovelace, W. E., 11, .-lad 
Benson, O. O., J. Aeronautical Sci., 1940, 7, 324. 

tt Physiology of Flight; Human Factors in the 
Operation of Military Aircraft. A compendium 
of lectures aud demoiistratious given to Army Air 
Force personnel. The Aero iledical Eeacarch 
Laboratory, Experimental Engineering Section, 
Materiel Center, Wright. Field, Dayton, Ohio, 
1940-1942, p. 27, Fig. 15. 
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Pig. I. 

Cli.aracteristio curves plotted ou log-log paper. Subject: man, aged 37 years; height 1S3 
cm; weight 83.6 kg; surface area 2.07 square meters. 

A. Subject started with 4 maximal respirations, tlien breathed normally. 

B. The largest value for functional residual air volume in the series. Normal breathing. 

C. The usual value for functional residual air volume in the series. Normal breathing. 

B. The smallest value for functional residual air volume in the series. Normal breathing. 
In B, 0, and D the nitrogen ivashout time was between 2% and 3^ minutes. 

In A the washout time with 4 deep breaths was 0.2 minute. 


accumulation of tissue nitrogen begins to 
form the straight line that continues for the 
duration of the experiment. The first part of 
the curve, representing essentially pulmonary 
nitrogen, may be in 2 or sometimes 3 phases 
which are important indicators of the degree 
and cause of respiratory inefficiency in some 
pulmonary diseases. 4. The final and charac- 
teristic bend or knee in the nitrogen elimina- 
tion curve on log-log paper serves therefore 


as a convenient method of separating pul- 
monary from tissue nitrogen (Fig. 1). This 
graphic method permits one also to estimate, 
when desired, the comparatively small amount 
of tissue nitrogen that is eliminated along with 
the pulmonary nitrogen. 

To calculate the functional residual air 
volume (BTPS) first read from the log-log 
plot the volume of nitrogen corresponding to 
the final bend or knee; second, divide this 

volume by the SoTss 

normally present m alveolar air, 0.80, less 

Sie fraction of nitrogen in the inspired air 

at the time this knee is formed (which is 


usually about 0.05). The true residual air 
volume is obtained by subtracting the supple- 
mentary (reserve) air volume; the comple- 
mentary and supplementary air volumes, the 
sum of which is the vital capacity, are obtained 
from the spirometer respiratory curve; the 
mean e.xpiratory level is the base line from 
which the measurements are made. The total 
capacity is the vital capacity plus the true 
residual air volume. All air volumes are 
e.xpressed at body temperature and pressure, 
saturated with water vapor (BTPS). They 
therefore represent the true size of the lung 
space available for respiration. 

The o.xygen consumption is determined as 
in any closed circuit system (after proper 
corrections) from the decrease in the spirom- 
eter volume during the e.xperimental period. 

The ventilation rate is also read from the 
spirometer tracing and the ratio between 
oxygen consumption and ventilation rate is 
calculated. 

The efficiency of the subject’s natural 
method of breathing is determined by the 
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Fig. 2. 

Variations in tlie subdivisions of lung capacity as found in a series of 2d 
experiments on a normal subject at rest in. a sitting posture. Subject: man, 
aged 37 years; height 183 cm; iveight 83.6 kg; surface area 2.07 square meters. 

TC — total capacity; FS — functional residual air volume; CV — complementary 
air volume; SV — supplementary air volume; A*C — vital capacity; BV — true 
residual air volume. 

washout time required for elimination of the In a normal subject under the same conditions 
nitrogen that was in the pulmonary air; that the results are reproducible, as seen in Fig. 2. 
is, the time after the subject begins breathing Summary. An improved method for 
o.xygen to the point on the plot where the determining the nitrogen washout time with 
knee or final bend occurs. In normal subjects measurement of the various subdivisions of the 

under basal conditions this varies between 2 pulmonary volume is described. The method 
and 3.S minutes; ventilatory inefficiency is is proving helpful in the differential diagnosis 
increasingly severe as the w’ashout time in- of pulmonary disease and in estimating the 
creases beyond 4 minutes; some patients with functional changes produced by intrathoracic 
marked emphysema require 10 to 12 minutes operations, 
to clear their lungs of pulmonary air nitrogen. 
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